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"ROLLED ARMOR

Bnlllstic Properties of Rolled Face Hardensd Armor and
Rolled Homogeneous Arior of Vnrious Hardnesses

At Kormel Incidence nnd at Various Obliquities
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1. To determine tha relntionship bYetween the bollistic linmit
of o plate bosed upon the Aroy criterion and its limit besed upon the
liavy criterion.

2. To deteruine the effect of varioss hardnesses on resistance
to penetration.

3. 7o deternine the relative resistance to penetration of
rolled face hardened end rolled hnmoc;neous araor.

4, To deternine the affact of verious hardnesses on resistance
to spalling.

5. To determine the mexinw: hardness ioparting optirum simul-
taneout realstance to spalling and penetrrtion for armor plate of
various talckrness~s und mt various degrees of odliquity.

6. To determine the relative rasistance to spallins of rolled
{ace rardened nnd homogereous armor.:

7. To deteruine the effect of obligquity on resistance to

penetration, e

g, To deternine 'he nffect 0£ obltquity on resistance to spalli“ .
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9. To deteraine whether thare is an odliquity At which armor
could be tested to deterzine what its behavicr would Be yrder attack -4
from any quadrant,

10. To observs the effects of {nduced projectile yow,

ITITRACES '
4.5 470.5/3915
V.A. 470,5/u874
The basiz correspondence pertaining to triag intesrization is in-

cluded in Appendix C.

CONCLUSIONS

1. 4gainst caliber .50 AP M2 projectiles, the r.tio detween the
ballistic limits of plates based on Navy criterion and those dased on
the army criterion (N/A) dgcronsas with an increase in obliquity or in
plate thickness. (Table I, Chart 7,)

2. Under fire of caliber .50 AP N2 projectiles, vhile the ratlo
of plate thicknass to projectile diameter (eo/d) is zreater than 83,
resistance to penetration increases with inarsasing plats hardzees
until spalling sffects a decrease in effective plate thickness,
(Table II, Charts A to R.)

3. Under tspact of calider ,50 AP M2 projectiles, at normal
incidence or at low odliquity, the resistance 23 penetratien {Army or
Navy criterion) ef face hardened armor is luyéwior to that of homo-
genecus armor, At 20° and highor obdliquity the resistance to pene-
tration (Navy criterion), and at 30° and hisher obliquity the re-
sistance to penetration (Army criterion) of h-rd‘rolled homogensous

arsor s substantially equal to that of face hardened armor. (Charts i j\}é

-3

I RESTRIGTED 111111




»
£

15537@2] B STy

. . 0
Bt P .

A to B.) This equality of resistance to 'pv:ri;'t’rl:tion coupled with the
superior ductility inherent in homogansous armor plate and viewad in
the light of the time advantage i: production of this type armer dic-
tates the use of hard );.Bv;égeneoﬁ;é armor in thoee areas where attack !s
likaly to Be from oblizuitiue wuc oitn fire of the above order.

4, There is a critical ranca of hardnes: (BEK 360 te BHEN L0O)
for plates in the thiockness range 3}/8" to 1" above wkich resistance
to spalling drecks down under impact with caliber .50 AP M2 projectiles,
Vithin this dlanket rangs, & specific range, in inverse correlation
wvith thickness, exists for each pint# thicness, (Table II.)

5. lInassuch as resistance to penetrntion increases with plate
hardness, tho critical hardness range cited adove will defline the
zaxioum hardnees which will impart optimum simultancous resistexcs
to spalling and penstratien.

6. The degree of spalling i: face harden-d armor is greater than
in homoganecus armor of an hardnes« affording comparadles reststance to
penetration under odlique lnmpact. Spalling tendency, in general, is
consideradly granter in fage hardened armor than in homogensous armor,

7. Mounting armor in an installation nt an obliquity to the
raticipated dirsction of attack will result in a substantial increase
in resistance efficiency on *he one hand, or a mbgta_ntinl reduction {n
wveight without p;l-ohouon loss, on the other handx

8. Plate mounted at U5® odliquity offers resistance to pene-
tration equal to that of a plute 1.9 times as heavry at rormal incidence.

B. Plate mounted at LO® odliquity offers resistance to pene-

tration equal to that of a plate 1.5 times as heavy at normal incidence.

8. Plate mounted at j0° obliquity offers resistance to pene-
tration equal to that of a plate 1.3 timec as heavy At norsal incidence.




4.

trution equal to that of a plate 1.25 times as heavy nt normal {ncidence.

Q.
-

reeistance to penetration thrn tha sume plata p2 rnormal incidenes, dut

bYacnuse of projectile yaw, in sume instrnces it mry offer lesa ra-

sistance.
8.

odliquity.
9.

%t every obliguity, bt high owit iy ‘eeta $r-d to reveal inherent

spalling characteristics.
10,

the projactile in flight so that it {mprcts the plot- w'th & yaw of
approximately C0° offsrs res.stance to penatration equal te thrt of

plate twice as haavy ns the combined weight of the nrmor anid Dural

screens,

Approved:

¥, H, ZCRNIG
Colonel, Ord. Dept.
Director of Laboratory
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Plate mounted at 20° obliquity offers resistance te pens-

Plate mounted at 10° odliquity offers somowhat greater

Spnlling tendeicinn te.d Lo Ue Treveelod with incr*aslne

o one obliquir w'il eeve a8 & critzrion yor rrmor behavier

Light plate screened by Jural she:t 'n wclh & me..~r ns to tip

Mol

J. ullivin
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1¥TRODUCTION
For some tims it has bdeean wondered wvhether the superior resistance
to penetration of face-hardened armor over rolled homogensous armer
apparent in tasts conducted with the plate norsal to the line of fire

warranted the additional expenditure of man~hours incidental to itas

_produetion,

Inassuch as Bost dallistic testing to determine the rasistance to
penetration of armor plate is conducted in this manner, evea though
a major portion of armor plate is installed at obliquities to the line
of oxpectad fira, it has further MYeen wondared wvhether tlx!; superiority
of face-hardened armor at normal incidence would Ve nintah?d when
the line of fire was vnried avay fros the perpendicular, or whether {t
would diminish or increase dy such alteration., It was felt that the
advantage of the face-hardened plate would be diminished as the
obliquity of attack was increased, but inmufficient data vere avail-
adle to oconfirm the contention,

Speculation as to the relative merits of the Arzy and Navy criteria
of 1izmit resistance to penetration has lcng been rampant and information
concerning the relationahiip detween dallistic limits bdased on each
criterion was thought to be of wvalue.

Vhersas armor plate is installed in positions dased on designe
contemplating attack from a particular angle snd with a particular
calider of projectils, it was censidered wvorthvhile to investigate the
offect cf at%2~% cn such plats with projectiles of unexpected calider,

There has deen some question of the custos of testing armer for

reeistance to penstration at normal incidence vhen in service it may

-




be irstalled at obligquity. The "hapoy solution® would smem to de to
test plate at the odliquity at which it weuld 2 ugsed li service,
However, plates c¢{ the same lot renreiented at fhé proving grounds
by a single test plats may De installed in various pceiticns and at
various odliquities. Thus was the "ha-py solution® rou:cd snd the
following guery posed:

Is thers an odliquity which might induce .n a plate dullistie
performance of a nnture suitadble to serve as e criterion of the
performance of ithat plate at any o: iquity?

It was further Ymown that a d.vided arme~ constructiorn corsist-
ing of an arvor plate screened by Tural shea: so as to tip the pro-
Jectile in its flight and cauée 1¢ to impact the arme~ 2% high yaw
induced i1 the Armoer a grea: increase over its inhersrl “eglstnnce
to penetration,

Previous observation hnd deen made that when tre relantionship
detween plats thickress and prejectile dinmeter {e/d) was zresater
than 1.0 raniszénca to perietr-tion increased wilth (rnesepsins plate
harcness. On the other hard 1t had daen odservad that when the pro-
Jectile diameter was greatly in excess of the plate shickness, re-
sistance to peretration decreased with increasing plats hardnese,
Theres naturally was aroused some curiosity cdncerning the value of
e/d at which this inversion aroase.

In view of these and other considerations a prograsz of coopera.
tion with the Cismegie-Illinois Stewl Corporation was agrecrd to with

the following ends in mind:

1. To determine ‘he relotionship detween the dallistic limit of

A plats based upun the Army criteriom and its limit dased upon the
«lOw
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davy criterion.

2. To detsrmine the effact of vnrivus hardneesss on resistance
te penatration.

’. To deteruine tha relative resistance to penetration of
rolled face-hnrdsened und rol.ed homosenecus armor.

4, To determine tne effect of varicus hardnesses {n Romozenseus
arzor on raeistance to spalling.

5. To determine th: maximum hardn<ss imparting ootimas eirul-
tanaeus reeistance to penstiation nnd to svalling for armcr plate
of varicus thicknessan and at varinus stagas of obligquities,

9. To latarmina the relative rasistance to spalline 0" rolled
face~-hariened and rclled homosanecus armor.

7. To detsr-ine tne aZfect of obliquity upsn resistagce to
penetration,

8. To determine the effect of odliquity apon resistance to spalling.

9. 7o datsrmine whether any obliquity cxists at which armor plate
could LY» tested to determine whnt {ts Deravior would be under attnck
froe any quarter.

10. 7o observe the affects of induced projectiie yaw.

Accordingly the following heat trsated plates of rolled homorensous

nlckel-chrone armer warc shipped by the manufacturer, Carnczie-Illinois

Steel Corporatinnm:

Six (6) platas - 3/8"x36"x36"
Five (5) plates - 1/2%x36"x36"
Tiva (5) plates - 5/8"x36"x3€"
Iight (8) plates - 3/U*x36%x36"
Ten (10) plates - 17 x 36%c36”

-11-




In additior thare were on hand at this arser.al tarse face—
hardered n.ckel-moly*d~ ws ermor plotes as 217 wwe.
Ome (1) plate - . OB8*x30"
Oue i) plate ~ .~ 436"x3b"
Oar. (') plate ~ 1/2%x36%x3b"
By requisition froc Averdeen Fi- vineg Ground the folliowing face-

hardened rickel-molyndenva armor 1 a'*cs were received.

Ora (1) plate - 3 '8"x36"x36"
Ona (1) plate - 5,/a"x36%x36"
One (1) plate .- _'Lex3EWx36n

All the face-hardened plates were of Heary Disston and Sons
aanufacturs,

Th2 Lomogeneous plntes were ¢ various lwritesses, as follows:

/8w o 3@ 2l 2bE 429 30,301,015

L 28 LTIV OZR1L,28P.307 151,415

C/8% - ILT 275,%.2,252,w4,W5

J/um L P 209,2,1,332,300,363,378,382,3%

v . SN 2“‘.253."72.279o30“-361.363-363-370':‘”

T7ST_PROCZLRE

i

Balliatlz Taets
3allistic -teltl wers 3crdusiad on A ons-cundred yard indoor
firing range, using a calider .50 Browning 4ashine Oun Barrel
zountad in a rest permitting horizontal snd vertical orientation
of the jun to control the placament of shots on the target and
compensata for any fluctuation in trajectory incidental to a var-
fation ir vwelocity. 4 37 MM gun me:inted in a 3" field pisce per-
nitting sizilar maneuverability was used for heavier fire.

Striking velocities were detarmined dy the usa of a pair of

Aberdaen Chronographs connacted to screens of zetal foll mounted on

..
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wooden framee. 3By this arrangemsnt the aversge velocity of the pro-
{ ) Jectile over the distance between the screens is determined from whieh
the striking velocity can de computed from prepared corregtion tables.

defore firing, powder charges were estimated to produce the re-

quired striking velocity for emoh round and rounds were accordingly

assendled from the following components:

Cal,.50:
Projectiles -~ AP M2 Bullets, 7.4, lot W18
Primed Cases- K1, T.A,
Powder H.P. Co., Lot U505, 1341 fer 37 ma, M3

H - H
Projectiles - APC M51 Shot, P.A. lot 2737-158, 1941

TP MNS1 Shot, P.A. lot 30231, 194)

Cases - M16
Priners - N23A1
Povder ~ H.P. Co., Lot U507, 1941 for 37 em, M3

Plates vere nounted in a stand designad to allow sudjection teo
oblique fire dy tilting dackward,

Besults prodused on plates dy projectile impact wers recorded
izmediately after each round. Results produced on projectiles were
recorded vhen deterninable.

Physical Tests

Two sets of test specizens ware gut out of each homoganecus plate
at right angles t0 each other and Tield Strength, Temsile Streagth,
Klongation and Reduction in Area deterained on one specimen Dy the
Divider method snd on the other specimen Dy the Recorder method.

Five impressions with a Standard Brinell machine asing 3000 Kg.
10ad were resd on the plate cross-ssction and an average of these
readings teken as the representative Brinell hardness ausber for

3 -13- |




purposes of corrnlation.

HISULTS OF TESTS

Ballistic Tasts

A summary of the D:liistic test results odtained ec~:apany the
text as Tadle II, grapaically represented in Charts A to ¥. Detalled

firing records for each plate sppear in Appendix A,

Paysical Tests
A suoary of the physical test results odtained appear as Tabdle

VIII in Appendix B,

DISCUSSICN

I. Relation betwesn Ballistic Limits Based om Army and Navy Criteria

The dallistic linit of a test plate is usually estinated dy
averaging two values. One of these is the highest velocity at which
the plate resists complete penetration, and the other is the lowest
velocity at which such resistance dreaks down., FMring is ususlly gone
tinued until the difference detween the two values is 50 feet per
second or less. Thus the dallistic limit 30 setimated will wary from
the actual theorstical dallistic lirit By no sore than + 25 feet per
second,

However the Army and the ¥pwy have different criterta of coo-
Plete pametration. The Army view {s thas penetration is complote
vhan the nose of the projectile drasks tbroﬁgh the reer of the plale
wafficiently to allow the passage of a beam of light upon the removal
of the projectile. The Navy, on the other hand, views as complete

that type of penetration whieh is in effect & completa parforstion, =

-1
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when the entire projectile, or a major portien of it, passes all the
wvay through the plate and out through the reer,

Tie the same plate will bave two dellistic lisits, one based
on the Army criterion of complete penetrstion and tie other based on
the Navy critericn, so long as there is s differsmce in the plate’s
resistance to penetration and %o perforation. '

Table I is a sumnary of the valuss obdtained ¥y dividing the
average dallistic limit of plates of the same thicksess dased upon the
Javy criterion by their dallistic limit dased on the Army criterion,

It will be observed that as the obliquity of the plate is in-
creased, this ratio diminishes, indicating a decresse iz the lag
Detween penetration and perforation, This sase effect is evident
as plate thickness is increased,

This lag Detwveen penetration and perforatisn spparently is de-
pendant (in homogeneous plate) on the relationship betwesn the effmc~
tive thickness of the plate (which increases vith plate odligquity)
and the ogive height of the projectile. The lag iz greatast whem the
ratio detveen effective plate thicimess and ogive height is small,

In face~-hardened plate, hovever, there is scarcely any lag de-
twveen penetration and perforation. The projectile csutinuslly shattere
upon ispact against the hard case of the arsor until a critical velocity
18 reached whereupon a vary slight increase {n velssity apparently
imparts to the projectils a property of resistanee to shattering.

(This velocity may depend oo its relation to the refe of deformation
of the projectile.) Ther and nmot until then does the projectile proper-
ly undortake its fumction of penetration. The velesity attained ¥y
thie time {s wore than that nedessary fer sere penstration snd ie

-18-
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often more than sufficient for perforation. Thus, in nany cases,

\wi

perforation and penatration coincids in face-hardened armer, result-
ing in & unity of Army and Navy dallistic limits.

As to a relativs avaluation of the merits of each criterion it
can only e said that each has advantages and disadvantages. The Army
criterion lends itself more easily to detsrmination and is accordingly
an easier %00l with which to work in dallistic teeting. The Xavy
critarion is difficult of datarmination, unless special equipasat is
ezployed, and 80 i3 ot e0 universally adaptable for testing. The
Mavy criterion however, is more adaptadble to mathematical treatment
than the Army criterion. hch tast hns {ts particular field, there-
fore, - the Army test for proof firing, and thc Tavy test for re-
search firing.,

I1. Effact of Hardness on Resistance to Penetration

In all thicknesses of plats sad at all obliquities, an inarease
in hardness was accorpsnied, in general, dy an increase in resistence
to penetration, when ivpact vas pade with calider .50 AP ¥2 projec~
tiles. (Tadle I1.) This is in 7kuy£n¢ with the contention that

inereasing plats hardness incrsness rasistance to penstration until

8 point of hardraees e reachad at which severe spalling leesens the

sffective thicknese of the plate and, theredy, its resistange. The

hardnesses encountared in this study were ovide;ntly rot of ¢he order

© 49 induce spalling of such severity as to effect the resistance of

$he plata to penetration to any graat exteat,
In the cass of those plates which were impacted with 37 mm

APC M51 projectiles, their resistance to peetrntion by this calider

~16-
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projectile diminshed as plate hardness increased, even in the range
of hardnass whare epalling was not attendant,

When plates were tasted with calider .50 AP n2 projectiles
the ratio of plate thickness to projactila diameter (ef/d) renged
from .83 upward. In the cese of the 37 zm APC W51 tasts againet 1°
plate the ratio vas .686. This would seem to indicate a value for e/d
detween .53 and 686 xt which the correlation detween plete hardneee
and resistance to penetration is inverted, Eowever, inamsuch as the
mass effect of the 37 mm APC U51 is much greater for the 3aze value
of of/d than that of the calider .50 AP M2 and decsuse the two pro-
Jectiles are of different construction this indication may de of
slight significance.

Further tests with callder .50 AP M2 projectiles against 1/4®
plate (vhere ¢/d .686) would be helpful in resolving this question,

I11. Relative Resistancs to Penetration of Rolled Face-Hardened

and Hopogen eous Arnor

The face-bardened plate testrd at norz=al incidmce vith caliber
.50 AP N2 projectiles offered greatly superior resistance to penetration
than the dest of the homogsnecus vlatss so tested, This superiority
vas greatar in ths case of light plate than ia the case of heaviar
plate. (Tadlas II, I1II.)

Except in tha case of 3/87 plate, vhere the diffarence vas
oconsiderable, thare was no remarkable difference Detween the resistance
to perforation of face-hardensd plate and the Dest of the homcgenacus
plate, although there still was consideradle rangs detween the per-

fornange of the poorest and dest homogenecus plate.

-17-
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In the cass of 3/U" plate all plates offered comparable re-
sietance to perforation at normnl incidence. 9
As the odliquity wes increased, however, tha -upériority of
//, face~-hardaned plate diminished, until at 20° the resistance to per-
foration, and at 30® the feuiutanca tokpcnotration of~thb bDest of
the homogeneous plate and tha facs-hardensd plate vas sudstantially
equal., However, there was otill consideradle range from the poorest
to the best plase, so that on the whole the resistance of the face-
hardened plate was superior to that of the homogeneous.

In gmeral, an increase in obliquity or an increase in plate
thickness tendad to render more comparable the resistance of otk
types, It was also obeservad that relative resistance to perforation
of the two types tended to de closer then their relative resistance
to penstration,

This trend is attributadle to two factors operating conjunc
tively, On the one hand, as effective plate thickness incraasas

e - == ----plate resistance may de mors dependent on plats nass than on eny -
phyeical property. At the same time, on the other hend, the pro-

Jectile velocities necessary to effact psnstration of heavy plate

probably exceed that range where the hard case of face-dardened
plate effects projectils shattering.

In the case of plate tested with 37 wa APC M51, tha softer
homogencounjplnto oxhibited slightly suparior resistance to pene-
tration and perforation than did the face-hardened. In general,

however, the rasistance of doth types was sinmilar,
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v, Effect of Hardness on Z:sistance to Spallirg

It has long “een belleved that resistance to tpall'.nk de-
creases as plate hardness incrsases. The results of this study
confirm this contentica. TYurther, some light may %e sked on the
question of critical hardness on the dasis of resistance to spallirna.

In all thicknesses tested with calidaer .50 AP M2 projectilan
plates of 3rinell hardness lass than 3HN 360 resisted speiiing. 4
1% plate of BHN 368, on the sther hand, spalled uader impsct with
this calidar proJoctilc._ All plates 2f Brinell hardness in excess
of BHY 4CO showed pocr ductility. (Tadle II.)

This would indicnts a critical range from 3EN 360 to 33§ L0
for plates in the thickness range 3/E" to 1%, on the basis of re-
sistance %0 spalling upoa iapact with calidar .50 &P K2 projectiles,
Previous chservation nas indicated that the critical hnrédness for
plates of lichtar zougze weuld ‘le in the higzer section of such a
range and in the lower section for plates of heavier gauge. A poor
distriduticn of hardress noeng the vlates 0f lighter paugs resulting
in no light plates within thies renge precludes gonfirmation of the
2iret hal? of this observation »y this study. However, the regultis
{z tha case of 1" plate indicata thet the lattsr part of tha obe-r-
vaticn vas well 2ade, — A critical hardness (round BEY 365 deine
indicmted for this plates thickness and this armor cocposition,

In the cass of iopacts with 37 = prolectiles, resistance %o
spalling in plates consideradly overmatched Wroke down at very low
harinees. However ae plate thickness (at 1") afforded a ssmdlance

of mateh for the projectils, no failures below BHN 300 ware recorded.

-19-
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Y. Kexisum Hardness Imparting Optisum Simultanecus Resistance

tc Penetrntion and Spalling

Inaszuch as an increase in plete hardness producas an {ncrease
in resistence to penetration up to the point when spnlling decrences
the effective thicknass 37 the plate, the maximum hardness izparting
optimum simultanecus resistance to penstration and spelling in plrtes
i= the thickness range 3/8" to 1" under impnct with celidar ,50 AP
N2 projectiles will lie within the hardness ranse critical to re-
sistance %o spalling suggested adove., (S.ction IV.)

There is, thus, an inclusive rangs, from BHY 360 to BHN LOO
for plates of the entire thicknese range in this study, with a pro-
able specific rarge ercund 3EY 365 for 1" plate, and higher speci-
fic ronses within the inclusive range ir inverse corrslation wiih
plate thichness.

Azainst 37 mm APC M51 irpact, inasmusch as resistance to spall-
ing and resiatance to penetration vary inversely with hardness, a

much lower plate hardrness would seem to furnisk optiamum resistancs

- preperties. A U P

vi. Relative Resistancs to Spalling of Rolled Face-Hardened a 4

Homogen=cus Arsor

As wags exnected, homcgenecus plate of lév hardness showed
muach greatsr resistance to sr.ling under {mpact with calidbsr .50
AP M2 projectiles than did face-hardened plata. Howevwer, plates of
light gauge, even thourh of low hardness, somectimes spalled under the
impast of greatly overaatching 37 =zm projactiles. (Tanle II.)
Homcgeneous plate of high hardness, on the other hand, ox-

hidited no consideradbly greater resistance to spalling than face-

~20-
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hardened plaia., The face-hardened plate spalling, hovever, was
generally of a more serious degros than that of homogeneous plate.
The degree of spalling nay well de a measurs of the relative

merits of doth types of armor.

VI1. Effect of Obliguity on Resistance to Penstration

A, Cal,.50 AP N2 Projectiles
1. army Criterion
a. Odliguity - 10°¢

At 10° obliquity the averags plats offered
greater resistance to penetration than at normal incidence (Tadle
IV, V, Pigure 1) but in some cases (Plate 19427334 and Plate
194275C3, Table II) a plate offered less resistance st 10° than {t
did at ncrmal,

This apparent discrevancy iz resuits is not without
the reals of explanation, however. DBullsts in normal flight, ee-
pecially vhen immeded in their coursa by some slight cbstruction ’
such as that afforded by the metal foil of a chronogrsph screen,
20y yav as much as 7 degrees. This maximun yaw operating against a
plate installed at normal would result in an effective yaw of the
same order - 7°; whereas operating agsinst a plate set at 10% od-
1iguity 1t 20uld produce an effective y=w ranging fros 3° teo 17°,

A comdination of the }* effactive yaw against the plate set ad 10°
and a 7° yaw against the norsally installed plate could well result
in the inverted valuaes reported.
3. Odliquity - 20°
At 20° odliquity the average Y/U® plate was equal

in resistance to penetration to the average 1* plate st normal

-1




incidence; the average 5/8" plats was much better than the average
3/U® plate at norsmal, and the average 1/2" plate was much bat:ter
than the averaze 5/8" plate at normal,

In the light of thess observations it saens reason-
able to conclude that homogensous armor plate installsd at 2C° od-
liquity offers resistance to penetration aqual to that of armor plate
1.2% times as thick at normal incidenge. (See Inclosure 3.)

The 3/8" face-hardened plate No. 12 offered less
réslstanzn ° 0% than it did at normel, tut this phenomsnon <oubt-
less is attridutadle to the high spalling tendancy of this plate,

a. Cdliguity - 30°

At 30° obliquity the avaraze 5/8" plate ofZared
considsrably greater resistance to venstration than the averace 1"
plate at normal incidence; the avarage 1/2" plate wes very muc: detter
than the average 3/U" plate at normal, snd the average 3/8" piate is
about as effective as an average 9/15”" plate al normal would :a, ew- !
tizated from the performance of 1/2% and 5/8" plate at norzal.
Tﬁul we nay inply that horogeneous armor plate in-
stalled at 30° odliquity offers resistancs to penetration equal to
that of plate 1.3 ase Leavy at normal,

4. Obliquity - Loe

At 40O° odliquity the average 1/2* plate was greatly
superior to the average 1" plate at normal, and the 3/8" plate was

squivalent to the 3/4% plate at normal.

Thue arnor plate installed at 40° odliquity offers

resistance to penetration aqual to that of nlates 1.% tines as Teavy

)

ot normal,

-2
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8. Obliquity - Wge

At U5° obliquity the aveiage 3/8" plate was equal
to the average 1" plate at normal.

This would seem to indicate that homogeneous armor
installed at U5° obliquity offers resistance equal to that of plate
1.9 timee as heavy ..t ncrmal,

2. lavy Critsrion

In zeneral, the increass in rosistance to perforation
engendered by increasing tLs obliquity was of the ¢nme crder as the
increase in resistance to penetration.

In the casse of 3/3" plate at 30°, however, the average
resistance to perforation was equal to trat of 5/8" plate at normal,
There was thus a slightly higher increass in resisiance to perforatisn
than in resistance 0 peneiration effected in this plate thicimass
by this increase in oblig:ity.

B. 37 WA AP K51 Prrjectiles

At 20° there was an averale increass iz resistance to
penotratior of 10%, and an average increass in reeistance to per-
foration of 143 in 1" plates testad with 37 MK AP MS1 projectiles.

C. la General

Whils a grsat amount of weight may apparmtly be saved by
installing plates at odliquities to ths line of expected fira, the
poesidility of fire from an unaxpsctad quarter should not de over-
locked. Projectilas fired froa the above or provelled from thes sround
with high trajestories may vell wreak havoc on installatiene designed

to withetand horigontal fire alonns,
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VIII. ZEfrect of Chbliquity on Resistance to Sprlling

In tho case of soze of the plrtes which failad to reeist - a

spalling when lzpacted with caliber .50 AP M2 projecuviles, for
example, 3/8" face-hardened plate ¥o. 12, 1/2* homogenscns plate

No. 18120642, and 3/4* homogeneous plate No. 1942733/, this failurs
was evident at normal incidence, and continued through all obliguities
snoouatered. In the case of 5/ homozeneous plate No. 196198-7,
spalling occurred at normal incidance, was resiste’ at 20°, dut re.
sppeared at 30°. The 3/U" face-hardened plate Su. 10 spalled at
asorasl incldence, but at odliguities 10°, 20°, ard 30° reeisted
spalling. (Tadle VI1.)

In 211 other cases wpnliing was resinsted at pormel dut occurred
At odbliquity.

All the plates impacted with 37 am projectiles which spalled
undar such izpact, exhibited this weakness at all obligquities ard at
norzal incidence,

In general then, it may da obearved that an inecrease in od-
liquity will tend to reveal in a plats eny inharent spalling vprepsnsity,
although it may not be evident at normal incidance sr at low ohliguity.

Although the bebavior of homogeneous plate No. 196193-7 and
face-hardened plate No. 10 does not align with this principle, it is
felt thers is an explanation.

Spalling tendency may be localiged in some plates, and inasmuch
as impacte in thie study were directed, as far as possidle, at different
arsas of a plata for sach odliquity, much localised spalling pro-

clivities could effect results of the nature odtained.
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1X, Optioum Obliguity for Plate Testing

Frow the results odserved in this study, it appears that no
one odliquity will serve as a criterion of tke bchavior of s plate
in each and every position relative to the liite of fire. ’.{_t‘_u tn
be noted, hewever, that spalling tendencies, if at all irhereat, tend
to be revealed under fire at high odliquity.

Vhenever feasidle, then, it would sesm that plate snould de
tested at as nearly as possidle the obdliquity at vuc.ﬁ it will de
installed in service.

¥hare plate of the same Leat or lot is to De installed randomly,
ae 1s frequently the case, it would asppeer raascnadle that a statis.
tioally sound sample of such plate De auwdjectad to test at various
repredentative odliquitiss, In this way any tendency loward spalling,
incapable of discovary in a test at norzal incidemce, coull de ravealad.

X. Effects of Projectile Yaw

By placing s sheet of 1/8" Dural at an obliquity of NO®, seven
feat, six inchee in front of the prircipal arser, and another sheet
of 1/8" Dural at 0° obliquity threa fwet in front of the armor, it was
poseidle to induce in a calider .50 AP M2 projectils yaw which at the
point of impact with the arsor asounted to 90° approximately, This
divided armor construction ofrerad much greater resistance %o penetra-
tion than would a single plece of armor of the same weight at rormal
incidemce, (Tsdle VI1I,) It afforded protection, aqual to that of a
plate (at normal incidence) twica as heavy as the comdinwd weights of

its components,



Where divided armor of this type ia feasible and where fire
Bay De sxpacted from a spacific quadrant, a great saving in armer o
weight and/or a great increase in protaction may be effected by such
an arrangement.
However, the wveakness in this type of protective davice lies
in its depth, inaemch as fire from an unanticipated quarter, dirscted
at a targst dehind the principal armor weuld nct de directed through

the tipping screens and the projectils, although impacting the plate

obliquely, would be unyawed.

~86-
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TABLE I

Bffect of Obliguity on Ratio of Average Navy/Army 3allistic Limits

Caliber .50 AP M2 Projactiles

Plate Obliquity
Seuge L o 200 B W R4
3/8" - - - .43 1,29 1.12
1/2° 1.1 - 1.26 07 1.02 -
5/8% .27 - 1.12  1.06 - -
3fur 1.2 .16 1.10 1,04 - -
1* .11 .11 103 - . -
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TABLE 1I1

. Iffect of Cdiguity on Betlc «f Resistance to Penetration of
Tace-Hardened Armor to That of the Best Rolled Homogeneous Armor®

k~‘

Plare

Yevy

Army
Geuge _0° _10° 20° 30° Lo® W® g% 10° 20° 30°  W° 5%

3 - - - 1,091.031.08 1,38 - 1.041.03 .8 .9%

1/2* 1.2 - 1.261,09 1,06 - 1.13 - 1,07 1.02 1.03
5/8* 140 - 1,10 .95 - - 1,06 - 1,05 - -
.981.09 1,00 .99 -
1° 115 = = & . - 1,09 = - - =

3/4* 1,181,211 1.071.00 -~ -

*Testad wvith calider .50 AP Mc vrojectiles.
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TASLE IV

Iffect of Obliquity on Average Ballistic Limits - Homegeneous Plates

Calider ~7) AP M2 Projectiles

Plate Army
Gauge 0° _10° _20° 0% uQe Use
3/8* - - - 150 1917 2378

1/2* 1338 - 1692 2263 2656 -
5/8" 1577 - 2088 66 - -

3/un 1857 1963 2367 %689 - - -
1 2358 M6 2752 - - -
Havy

3/8* 1479 - 1906 2070 2482 2672
1/2" 1756 - 2136 2430 2708 -

s

- 5/3' - 2018 - - 2333 2719 e T e T T “ T

3/ue 2247 2201 2614 2803 - -
1° 2610 2703 2848 - - -

T
TR G




o imAed s S -

Plate

3/8®
1/2*
5/8¢
3/
1!

TA2LE V

Percentage Increase in Rasistance to Pemetration

Produced oy Plates Odliquity

16%

Army —
20 3 M0 B0

6% 9% -
64 - -
ws - -

Ha
107 2° 30 W° P

- 29% W% 6es af

- as 3% 5% -
- 168 ¥4 - -
2 168 5% - -

v 9% - - -

Negaa -
%ﬁwﬁ FRETUR
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Effect 0f Chliquity on DPesistance to §gn‘llln‘

Plate Obljguity

Yo, . Gaure Type _ BEN  Prnj, 0 _10° _2* _30° Lo M5°
18638381 3/8" Homo W15 .50 0X. - 0K 0X & %
PR3-M2 3e* PE. 601/35 50 0% - % % G %
1810642 1/2* Hmo W15 .50 Sp - % % v -
196198-7 5/3* Homo uog .50 S - 0.X. S - -
19427387 3/4* Homo 378 .50 8 ® % S - -
19427335 3/u4"  Eemo 388 .50 o.x.. S S Sp - -
C303-410 3/4* T.H. 597/435 .50 % 0%, 0K OX, - -
194275¢6 1"  Homo 368 .50 0.X. 0.E. % - - =
194275€7 1"  Homo 387 .50 0.Xx. 0.X. Sp - - -

%293 1*  7.H, 601/363
19427505 1"  Homo 361 37 MM S
194275C6 1 Homo 368 3T MM % -

#7 1" P, 555/384 3T MM %
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TABLE VII

Ballistic Limit, Plate Normal, Projectile Normal

ve

Ballietic Lioit, Plate Tormal, Projectile Yawed

: Plate
Plate Thick-
¥o, _hess
90585410  3/8"
1363838 3/
P0I-MA2 /8"

- r Bavy
Hormal Yawed ¥ormal
37 Impact lmpact Impact Impact
329 2706 —
l1s 42 1500
601/375 2069 23b 201
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Inclosure A

Method of Inducing 90° Yaw in Cal. +50 AP M2 Projectiles

e




ORI it b

In order to observe the effects of yawed {mpacts om armor,

1t was desirable to induce in the calider .50 AP M2 projectile em~

ployed a consiatent degree of yaw in the face of fluctuating velocities,

To this end several arrangements wers unsuccessfully experimanted

with until the setup illustrated delow was tested,

This desigr induced in the projactile a generally consistent

yav of 90° as it impacted the main armor and afforded a legitimate

determination of the dallistic limit of the armor under yaved impacts.

ARMOR
PLATE

’ a 2ND 18T 4

TIPPING TIPPING o

SCREEN N SCRQE,&

e et 4% .

«--CAL .50
B AL FaL AP PROV.
Pigure 2

Method of Inducing 90° Yaw in Caliber ,50 APM2 Projectiles
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Inclosure 3

Computations

.




Lot

e

I.

Vhen arzcr is installed at an odliquity in order %o increase its
resiatance tn attack from a given quadrant it ls necessary to employ
a greater area of plate to protect a unlt area normal to the path of
attack than would be rnueded to protact the same area if the armor were
installed nerzal to the line of fire,

S0, :n coaputing the relative resistance (on a weight-for-weight
basis) of plates of different tnickness installed at normal and at
obliquities, it is fitting that ther= da taken into comsideration the
relative areas of plate needed to afford protecgion to a unit area
roraal to the line of attack,

It will readily de conceded that ths arsa of plate needed to
snield a unit aresa normal te the path of the dullet will vary as the
secant of the odliquity of the protactive material. (Ses Figures 3, L.)

Thus, 1f we hava platss of ecunl density at different odliquities
and of diffarent thicknesses providing squivalent resistance to vena-
tration from fire from a given angla, we may compute the ratio the
weights needed to shicld an squal area normal to the path of fire

from the following:

e, sec 0,
¢, sec O,

where e = thickness of plate 1
e2= thickness of plate 2
Oy» obliquity of plate 1
B82v obliquity of plate 2
From Pigure 1 it may da noted that at US" the average 3/8" plete

was squivalent in resistance to penetration to the average 1" plate

o e o




normal to the line of fire. Thus,

A

e sac 8, 1°1 -
o2 sec 8y 375 .1.W1%

1.89

At U0° the average 1/2" plate was equivalent iz resistance %o
penetration to tae avarage 1" plate normal to the line of fire, and
the avarnge 3/8" plate at this obliquity was squivalent in resistance

to the averags 3/i" plate at normal. So,

e] sac 0p 1 1 -
e2 sec 0, .5 - 1.305 1.53

er

e1_sec 6y, .75° 1 1.53
ez sec 02 .375 ¢ 1.%5

At 30° the average 1/2" plate was equivalent in resistance to

the average 3/4* plate at normel. Thus,

e sec By o .75 1 = 1.298
&g sec 0 .5 - 1.155 5

At 20° tfze average 3/U* plate vas aquivalent i resistance to the

average 1% plate at normal, so,

8 _sec® . 1 -1 = 1.5
o sec 8, 75 ¢ 1.064 :
11. "
‘ In comparing a dividsd armor structure (using zaterials of :
different density) such as is showvn in Plgure 5 with a plate as illus-
trated in Figure 3 affording equivalent resistance to penetration we
Bay cospute the ratio of weights rnesded to shield an squal area normal
to the line of fire from the following: ,,
—_— et} esc 04 3
04Dy 802 0, + a D, sec Oy + a D, sec 8, 3
3
%
e 2

i
!
i
5
+




whare e, =thicknass of plate 1
ey *thickuass of plate 3
ey =thickness of plata 4
ey =thickness of plate 5
Dy =deneity of plate 1
Dy =density of plate 3
Dy wdensity of plate 4
Dy =density of plate 5
8, mobliquity cf plate 1
84 =cbliquity of plate 3
8w =obliquity of plate 4
05 =obliquity of plate 5
It was found that a divided Arnor structurs consisting of a 3/8"
steel plate at normal plus a 1/8" aluminum plate at normal plus a 1/8"
aluninum plate at 40° (arranged in the manner set ont in Inclosure A)
afforded resistance to penatration equivalent to a single 1" plats
normal to the line of fire. Ths ratio of the density of steel to that

of aluminum is taken as 2.8. Thus,

—_— a17y sac 9,
09Dy86c 0y + ayDysac 9, e Dysec O,

. 1«28-+1
375 * 2.8°1+ .125 11+ .125 * 1 * 1.305

= 2.09
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APPRITIX A

Sallistic Tent Results
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Balliatic Datn Shaeet Nn. 1

Carnegio-Illinols Plats 90585A11 - 3/8" x36"x36* ¥i-Cr Fomogeneous
BHN 2Ll - 7.8, 124500 ~ Piotogrnpha W.A, 710-1£56, Y.A. 710-1857

Plate
Plnte Rd. Powder Str.
Osliquity No, Chnrze Tal, Renults
Calider .50 ad ¥ Firlungs:

0° 1 58,0 1192 CF - CL 1/47x1/4* 3eck opening

0° 2 54,0 lost CP -~ CL Qore in*act

o° a 50.0 g4l PP - M3 . .

o° 52.0 917 PP - L3 " b

0° 5 54.0 9626 PP - L3 . )

0° 6 56.0 1097 CP Backed by support - Disregard

0° 7 55.0 968 P - CL 1/16"x1/16" 3ack opening

0° 8 85.G 1316 CP - CL 1/4%x1/4"® Back opening
Core intact

o° 9 80.0 1297 CP - CL 3/16"x3/16® Back opening
Core intact

0° 10 75.0 1288 CP - CL 3/16"x3/16* Back opening
Core intact

0° 11 90.0 1l38 @ - CIP 1/3 of projectile thru plat.

0e 12 9.0 14782 CP - PTP Full petalling

0° 13 93.0  1kugR  CP - CIP 2/3 of projectile thru plate

Sprzy limit at 0° - 969 f/s; DNavy liait at 0° - 1U6h /s

20° 14 120.0 1748  CP - PTP Iull petalling Core intact

2° 15 115.0 16862 P - PP

20° 16 110.0 1631 CP - CIP ¥D

20° 17 112.0 16522 CP - CIP BD - ¥D

20° 18 95.0 1465 CP - CIP 3/87x3/8" Back cpening BD - ¥D

20° 19 90.0 1373 Rit BA. #17 - Disregard

20° 20 90.0 1385 CP - CIP BD

20° 41 85.0 latg CP - CIP 3D

20° 22 20.0 148 CP - PTP

20° za 5.0 102 cp - CIP

20° 2 30.0 1316 cp

20° F-p] 75.0 1163 CP - 1/8%x1/8% 3ack opening Core intact

20° 26 70.0 1119 Cp - CIP BD

20° 27 65.0 10668 CP 1/8"x1/8" Back opening Core intact

20° . 60.0 10635®% PP - M3 Core intact

Spormy limit at 20° - 1048 f/s; Pavy limit at 20° - 16U2 f/s

0 29 90.0 1349 Hit edge of plate - Disregard

30° 30 9.0 130 P

»ne n 85.0 1249 CP - OIP BD

30° 32 80.0 1164 cp - CIP BD

300 3 75.0 1144® Cp - CIP BD

100 3 70.0 1207 CP - CI? BD

30° 3% €5.0 1156 PP - N3



Ballistic Data Sheet No, 1 (Cont'd) : y
k)
Plate :
Plate Rd. Powder  Str. ;
Obliguity _¥o. Charge _Vel. BResults ;
30 36 68.0 1293 P2 - CIP BD ¥
Jo* 37  110.0 1640 CP - CIP BD . Z
30° 3 115.0 1669 CP - CIP BD - ¥D
30° ig " 120.0 1739 CP - CIP 3BD - ¥D
Jo° 125.0 1806 CP - CIP BD - YD
30° n 128.0 1860 CP - CIP 3D - ND
30° 42 .0 1115% PP - ¥B
0° :z 140.0 1981® CP . CIP 3D - ¥D
30° 145.0 20068 CP -~ PTP Core intact
Jo* ¥ €5.0 12713 & - CIP 3D
SArmy limit at 30° - 1130 £/s; ™NMavy liait at 30° - 1994 f/e
Y0 Wb 165.0 23158 CP - PP
koe 47 155.0 2249 CP - PTP 3/8%x1/U” Back petalling
Loe g 150 210 P - PTP
Lc* W 1%.0 2032 CP -CIP 3D- XD
uwce 5 1430 2023 CP - CIP 3D - ¥D
Loe 51 120.0 1792 &P - CIP BD - ¥D
hoe 52 110.0 1690 PP -3
Lo 5 115.0 1739 c - rP??
Loe 5 113.0 1676 P - CIF 3D - ¥D
uwo* 55  108.0 1690 CP - CIP
uo* 5  105.0 1613 C - CIP
Loe 57 103.0 157Th  Hit Rd. &5 - Diaresard .
Lo* 58  102.0 1589 & - CIP \ ‘
uo* 59 97.0 1502 PP - Pun 8 .
hoe 60 100.0 1466 PP - B
uoe 61  100.0 1560 PP - LB
Sirmy 1imit at 40° - 1575 £/s; D¥avy limit at 0% - 2095 f/s
bse 62 110.0 1657 PP - SB
Luse 63 120,0 1748 PP . CIP - NB BD
Lse 6 125.0 1826 PP - MB
Y5 65 13.0 1830 PP - XB
us5e 66 1@.0 1927 PP -. 8B
bye 67 15,0 22061 PP LB
e 68 148.0 2109% PP - 13
50 69 15,0 2130 CP - CIP 3D - ND
use 70 170, 2353 G - CIP 3BD - ¥D
5e n 173.0 lost CP - P
Lge 72 171.0 2uc2® 2 - CIP 3D - ¥D :
W50 73 173.0 U108 P - PP

Siray limit at U45° . 120 £/e; PYavy linit at U5® . 2L06 £/«

&m#ﬁ’wfar“;y R
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VATZRTOWN ARSINAL

PLATC 90SB5-Ait, 3/8" MOMO, N|-~CR, T.3, 124,500,
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c Ballistic Data Sheet No, 2

Carnegie-Illinois Flate 186383E4 - 3/8"x36%x36" ¥1-Cr Homogezeons

BHN 2U5 -

T.S. 132000 - Yo Photographe

Plate
Plate BR4. Powder

Obliguity _Ho, Charge
Caliber .50 AF M2 MMri.gs:

0° 1 95.0
o* 2 90.0
0° 3 g85.0
0° 9 90,0
0° 10 80.0
0® 1 70.0
0° 12 60.0

Dyavy limit at 0°
20° 3% 130.0

Str.
_7el. Results

ligl CP - FTP Il petalling
1059 P - PP Pull petalling
128 P -~ PTP

1439 CP - PZP Tull petalling
1402

& - CIP
1400 CP - CIP Hit R4, #6
1106 CP - CL
- 1407 £/8; Army 1imit not determined
1855 CP - PP
1510 CP - FPTP
1560 G - TPTP
16328 CP - CIP
1686 C - PTP

16590 @ - PP

Dfavy limit at 20° - 1646 f/s; Army limit not determined

20° gg 100.0
20° 105.0
20° ¥ 110.0
20° L2 115.0
0° L3 112.5
30° ¥  120.0
10° 5 120.0
30° 6 110.0
J° 7 100.0
30° 13 60.0
»° - 50.0
30° L 50.0
3° 12 57.0
Jo* 1 55.0
30 17 1.0
{-]

0 18 13%.0
J0° 19 135.0
Sirpy 1imit at 30° -

Lo 20 95.0
uo® 2 175.0

4o 22 195.0
uo° Za 1£5.0
Lo 2 185.0
Lo 29 180.0

o® % 125.0
W 27 110.0
ko° 28 115.0

G, Sarmy liait at 40° -

lost FP - SB

1846 CP -~ P ¥D - 3D

1669 CP - CIP ¥D - 3D Jull petalling
1611 CP - CIP ¥D - BD Jall petalling
1264 C - CIP 3D

lost Missed plate

919 PP - S3

1168 CP - CIP BD

11618 PP - LB

1861 CP - CIP

1871® P - CIP

1839% CP - PTP

1165 £/s; PMavy limit at 30° - 1880 f/s
14k PP - ¥B
gaa“ cp - FPTP
2 @ - PTP Il petalling
lost Hit R4. #22 -~ Disregard
1 CP - PTP Jull petalling
208 Cp - PTP
1846 CP -~ IFPTP

1725* PP - )0
1739 CP - CIP ¥D - 3D

1732 t/s) Mavy 1init at 40® - 2405 f/s

e e e



Ballistic Data Sheet No. 2 {(Cont'd) 3

Plate
Plate R4, Powder Str. '
Odliqu?ty _No, Charge _Vel. Results
Calider .50 AP M2 Firings:

. Lse 29 150.0 aik% PP - 1B
; l5e o 160.0 2218* C -CIP ¥
: 5o 31 155.0 2188 PP - 13

Wpe 32 1850 2497 O - CIF R

U5 3 157.0 2225 Zxcessive yav - disregard

5e 3 187.0 25371 C - IPT?P

W50 35 190.0 lost CP - PTP Hit adjacent to Rd. #3U - Disregard

Use - 36 189.0 25 cP - FPTP

k5° 371 189.0 G - PTP

Sirzy limit at 45° - 2203 £/e; DNavy limit at U5° - 2585 ffs

e e gt R e e Lt e e

AR NI ' . i
) -
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Ballistic Dnta Sheet Fo. 3

Carnegie-Illinois Plate 90585410 - 3/8%x36x36 Wi-Cr Homogeneous - Austempered

3H% 329 - T.8. 164000 - Photogrophs ¥.a. 710-185L, W.A. 710-1855

Plate
Plate Rd. Pewder Str.
Obliquity _No. Chargze _Vel.

Calider ,50 AP N2 Firings:

Results

0° 1 100.0 1980 CP - PTP Jull petalling

o° 2 80.0 1235 cP - PTP

0° a 70.0 1407 CP - FPTP 3/16"x3/16" Back opening
o° 75.0 lost CP - PTP

0° 5 75.06 1428 CP - CIP Core intact

0° 6 78.0 1584 CP - PTP

0° 7 76.0 1L41 CP - CIP Core intact

0° 8 77.0 lost CP - PTP Eroke off core of Rd. #7
0° 9 J7.0 lost CP - FPTP

0° 10 77.0 1411 CP - FPTP 3/16*x3/16" Back opening
0° 11 80,0 lost CP - PTP

o* 12 80,0 lost CP - CIP Core intact

0° 1 80.0 145 P - FPTP

o 1 80.0 1lu97: CP - CIP Cora intact

0° 15 81.0 154 CP -~ PTP

DYavy linit at 0° - 1522 f/e; Army limit not determined

3Jo° 27 100,06 lost (P - CIP BD - BD
Jo* 28 95.0 1647 CP - Hit within 1 cal. of RA.$27, disregard
J0° 29 95.0 15L) CP - Het within 1 cal. of R4.#28, dlsrecard
30° 30 100,00 1671 CP - CIP 3D -ND
30° 31 %.0 1526% Cp - CIP BD
X° 32 90.0 1536 CP - Hit with 2 cals. of R4, #31, disregard
30° 3 80.0 1Lgg® PP - L3
30° 1 155.0 21508 CP - FTP
30° 35 1&3.0 1973 QP - FPTP 5/16"x5/16" Back opening
30° 36  140.0 2027 P - CIF BD
3o 3 1@.0 2160 CP - ITF
0° 38 15,0 21208 CP - PP

SArmy limit at 30° - 1507 f/s; BKary linit at 30° - 2135 /s
L5e 22 175.0 241  CP - 1/2"x5/16" Back opening
e 2 165.0 2&:2 PP - LB
b5e gz 120.0 U218 CP - CIP BD

° 168.0 ggszﬂ PP - L3
b5e 2% 1%2.0 U® cp - PTP
use 26 190.0 261 P - FPTP

SArmy limit at U5° . 2405

£/e; DEavy limit at U5° - 2629 f/s

calmeas

vt
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3allistic Deta Sheet ¥n. 3 (Cont'd)

Plate
Plate BR4. Powder Str.

1

;-

L

A 4
L

Obliguﬂz No, Charge Vel. Results

Plate at 3" Frojeciiles tipped through 1/6® aluminum screen set at 40°,
7'6% in front of plate, then through second scrsen set at 0°, 3' in
front of plats.

0° 16 185.0 2510 PP - 1B

0° 17 190.u zsg: PP - 1B Pan §

0 18 1%5.0 26 FP - LB

0° 19 200.0 2721% @ - 1-1/2°x1/2" Back opening
o* 2 191.0 2691% PP - L3

®Army limit with yawed projectilss at 0° - 2706 /s
¥avy 1limit not determined.
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YVATECRTOVN ARSENAL

PLATE CO505-A10, 3/8% HOMO, Ni=CR=AUSTOWPCRED, T.8, 164,000} SRINCLL 129,
TESTED AT 30® ANO 45° WITH CAL .SO AP M2, ALSO TESTED AT oML wiTW vAw-
£D CAL .50 AP M2, rRONT MAY 16 1042 VA 710-1E54
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Ballistic Data Sheet No. U

( Carnegie-Illinois Plate 18638322 - 3/8"x36"x36" ¥i-Cr Homogeneous
BHN 331 - T.8. 166,800 - Photographs V.A. 710-1852, ¥W.A. 710-1853

Plate
Plate Bd. Powder S8tr.

Odliquity !o. Charge _Vel, ZResulte
Calider .50 AP M2 Piringe:

o° ) 80.0 loet -G

o 2 €0.0 1289 CP - QL

o* g 90.0 1& CP -1B -~ S0 .2"x.2* Back opening
o* %5.0 1 cr -13 - SC
0° 5 100.0 lost CP - OIP

0 6 100.0 153 CP - PP

o* 7 100.0 1485 CP - PP

0° 8 1%0.0 12:6 @ - P

o 9 9%.0 1kes cp - PP

o 10 9%5.0 1487 CP - PP

0° 11 92.0 1iksi® cr - ™

o 12 90.0 19 & - PP

(Round 12 eppears on photographs as R4.#1 on face, R4.410 on dack.)
Byavy linit at 0% - 1472 f/s; Army 1imit not determined

n 100.0 16%2 - P

80 165.0 2n -
n 162., 222“ “m

82 10,0 2%t - re
Bavy 1isit at 20° - 2182 f/e; Army 1imit not determined

20° cP

¢ 72  110.0 1650 O - P®
20° 7 115,0 1667 ¢Cp - CIP ¥D
0° 7 120.0 lost CP - OIP ¥D - BD
20° s 1?8'0 lost CP - IPTP
° 76 100 1952 @ - PP
20° 77 1%0.0 2076 @ - PP
0° 18 160.0 2169® (P - CIP ¥D
20° 79 170.0 228 CP -PP

2° > 4

2° o

20° (-1

30° 1z 1200 179 @ - CIr ¥D - 3D
° 1 5.0 loet PP - 10
X»°* 15 180 26 cr-PY

d 16 155.0 2us® & -y

3

3° 17 150.0 204® 0@ -0 WD - 3D
18 15.0 1732 & - PP

30° 19  110.6 163* &> - PR

e 20 1050 1603 B - ¥B

Sormy lisit at 30® - 1618 f/e; DNavy limit ad 30° - 2126 /s
155.0 2209 0P - PPTP ,3°x. 5" Back cpening
185.0 2555 CP - PPTP ,3%x,U58° Back cpening;.7%.W* 38
moo ﬂn ' - ’,
195.0 2675 o - r®
192,06 26212 P - YP7P ,U"x. 7 38

L

SR

b

()
33338
L

= T IE PN ey



A AL GG LA

Ballistic Data Sheet No. U (Cont'd)

Plate
Plate 34. Powder Str.
Obliquity _No. Charge _Vel. Results

‘Caliber ,50 AP M2 Firings:

hoo % 194,.0 2653 (P - PTP 47 crack on dack
uoe 27 193.0 2633 CP - PTP
Loe 8 135.0 1951 COP - .25"x.15" Back opening
Lo 2  15.0 1920% P - .)5"x.15" Back opening
uo° 3  123.0 183% PP - SB
Loe n 15.0 1838 PP - SB

32

- 125.0 1918% PP - MB
SArmy limit at 40° - 1919 f/s; 2Vavy limit at Y0° - 2627 f/s

5o 187.0 2Suss & - IPTP
e 185.0 25126 PP - X3
u5e Servide 2920 COF . PW

210.0 2836 QP - PP
05.0 218 O - P¥®
203.0 lost CP - PTP
66 202.0 2755 Hit earlier rd.

59
€
61
e 22 200.0 20U5 CP - PP
65

k5° 67 202.0 lost (P - F®
68 201.0 2121% CP - PTP
'6‘ 69 20.5 202" - PP

Saray limit at 45° - 2530 £/s; BVavy 1wt at 45° - 2715 f/e

Plate Beversed:

hoe 51 170.0 2319 & -~ FPPTP

uce 52 165.0 2323 CP - PP

hoe 5a 160.0 226y &P - P

Lo* 5 1%5.0 PP - OIF - 12 3D
uo* 5 152.5 2363 P - 13

Lo* 56  156.0 2207: @ . =1

lige 7 1540 289" FP - 15 - Pun §
hoe 58 156.0 2213 CP - PPTF

S7ny 1imit at H0® (plate Tavaraed) 21982/s; Navy limit not do\mincd.

Flate Revorsed and Rotated thegsugh 904

ko W 150,00 A% P - M

ko W 155.0 2 PP -1

hge 6 160.0 22)3 PFr - LB

Lo* 47  165.0 2527 PP - 1B

Lo* & 17.0 2%3 P - L3 Pun 8 Back cracking

ho* b 17%.0 g P - GIP ¥D - BD

hoe 5 172,5 24s® PP - LB Pun 3 (almost completed)

SArmy 1imit at 40 (Plate reversed and rotated thragh 30°) 2408 ¢/

Favy limit net deternined.




Ballistic Dnta Sheet No. 4 (Cont'd)

Plate
Plate R4, Powder Str.
Obliquity _JYo. Charge Vel. Results
Plate Rotated through 90°:
Loe 33 125.0 1916 PP - 83
uge 3 125.0 1900 PP - 8B
4oo 3% 127.5 1920 PP - XB
Loe 36 129.0 1928 PP - B
uge 37  135.0 lost PP -
uoe 18 1ag.c lost PP - )38
Uo* ag 140.0 1973 PP - 8B
Loe 150.0 1ost Rit earlier rd.
uoe ul 150.0 2158% PP - LB Cracking started
Lge 42 155.0 lost FHit sarlier rd.
koe 43  155.0 2189 cp - rPTP

Sprmy 1imit at LO® (Plate rotated through 90°) 274 f/s

Favy lipit not determined.




YATERTOWN ARSEMNAL

PLATE 16630362, 1/8% HOMOg NI=CR, T.8,. 166,800; BRINCLL 3,
TESTED AT 0°, 209, 30°, 408, 45% with Cal .50 ar’m2, FRON
my 16 14a2 VoA, 710-1852

——



/‘863@5”62
Rep.fx E

K?
t"-

4.

YATEZRTOVYN ARSENAL

PLATE :eems—cz 3/6" HOMO, Ni-CR, T.8, 166,800; SRINCLL 331
MAY 16 BACK W AT710~-1893




Ballistic Data Shest Xo. S

Carnegie-Illinote Plate 12633323 - 3/8"x36"x36" ¥i-Cr Homorensous
BREN 341 - T.8. 164C00 ~ ¥o Photosraphs

Plate

Plate . RA. Powder Str.
Mdliquity Xo, Charge _Yel. Results
Calider .50 AP M2 Firings:
0* 1 100.0 1622 CF - PP
o 2 90.0 1L1§ CP - CP 1/2"x1/L” Back petal
o i 95.0 1ug2 P - CIP
0* 100.C 159% CP - PTP
0* 2 90.0 1507® CP - CIP
o* 95.0 1515% cr - PP
BYavy limit at 0® - 1511 £/s; Army limit not detersmined
° 64 150.0 2071 CP - PTP
0° 6 15,0 22081 CP - PTP
x* 66 1.0 1963 & - PP
- 67 130.0 1851 CP - CIP
20 68 135.0 1903® CP - PP
x* 69 132.% 1852 CP - CIP
BYavy 1imit at 20° - 1809 f/¢; Army limit not 3determined
X 7 8.0 13308 CP - FPTP 1/8"x1/8" Back opening
300 g 70.0 130 CP - CIP
x* 9 70.0 1225 PP - N3
30° 10 .0 1241 PP -MB
30° 11 8.0 1271 PP - ¥B
30° 12 80.0 12998 PP - ¥B
3o 1l 100.0 1lost Ixcessively yawed -~ Disregard
30° 1 100.0 149 PP - W2
K 1% 125.0 17197 & - CIP
Al 16 1&.0 1933 P - CIP
X 17 15,0 2051 CP - PPTP
0 18  150.0 1lost CP - PTF
30 19 150.0 2210 C -rY®
30° - o} 147.5 lost O - PP
30° 2 147.0 2041 CP - P
30° 22 146.0 19393 Nissed plate
300 ga 16.0 204" CP - PP
30 150.0 2091 CP Hit withia 2 caliders of R4. Y -
Disregnrd
° & 145,0 205 -
3 26 1W0.0 1993 CP - FPYP
o 27 10,0 2013 ¢7 - rP7? ,
S)rmy lisit at 30° - 1315 f/s; B¥avy limit at 30° - 2027 /s
Wo* 2 1650 205 C -IrPYP
Loe 29 16.0 215 o - PP :
o 0 19%.0 51 @ -0l FD- 3D
uo* 1 19%5.0 2667 CP - PTP

Oy ot s AL 8 A 8t



Ballistic Data Shest No, 5 (Conttd)

Plate
Plate R4. Powder Str.
Obliguity Yo. Charge Vel. Results

Calider .50 AP M2 Firings:

uce 32  190.0 2639 Hit on R4, #31 - Dsregard
Lo* 3 190.0 2600 CP -PPT?
uoe 3 192.5 2645 Hit en R4, #29
Lge 15 192.5 2642 Hit on Rd. #34
uo* 36 125.5 26u98 P - PP
140.0

Loe 37 24 PP - ¥B
Loe 38 1450 2069 FP - CIP 3D
Loe gg 150.0 21008 FP - LB 3ack crackine
Loe 155.0 2169 Hit holding clasp - Disregard
LG 3} 155.0 2126® P - CL

Sarmy limit at U4O® - 2113 f/e; MNavy lizit at W0® - 2615 f/s
u5e 47  180.0 2473 Backed by support - Disregard
by e Lg 210.0 2848  Eit within 2 crlibers of B4, #4l, disrsgard
by L9 210.0 2879 CP - PP

o 50 205.0 21822 <P - IPTP
5o 51 207.5 2819® CP - PTP

u5e 52 175.0 2427 PP - LB
e gz 180.0 2u76% PP - LB
u5e 185.0 2589 CP
e 55  182.5 25058 CP
SArmy limit at 45® - 2u91 f/s; TNavy 1imit at W5 - 2801 /s
Plate Reversed:

Loe W2 150.0 2106® PP - MB
4o 43 155.0 2134 CP - CIP Hit R4, ¢33 - Dieregard
uo* W 155.0 2132 cP-CL

SArny limit at UO¢ (plate reversed) 2119 f/s; Yavy limit not determined
Flate Reversed and Rotated through 70%:

Loe ] 155.0 2135 CP -~ Pun 8
Lo® L6 150.0 2107 pP - CIP - LB 3D

Sarmy l1imit at UC¢ (plate reversed and rotated threugh 30°) 2121 f/s;
Navy linit not determined,

Plate Rotaied through 180%;

hse 56 185.0 2471 Nss Bd. #5U4 - Disrecord
Lse 57 190.0 1lost CP - FP7P

k50 58  190.0 2574 @ - PP

e 5 195.0 2630 CP - FPTP

bye 60  206.0 gsr cr - re®

e 61 200.0 Zosn (- J 2.

Lge 62 04,0 271 c? - PP

w5e 63 21.0 2129 @ - PP

B¥avy 1imit at U5® (plate rotated through 1208) 2714 f/s; x

Aray limit not determined.

‘
i
3
£
d
E
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3allietic Data Sheet No. 6

Carnegie-Illinois Plate 1863831 ~ 3/8%x36%x36" Ni-Cr Homdgeneous

BHN

L15 - 7.8, 204,800 ~ Photographs ¥.A. 710-1850, W.A. 710-1£51

Platy

Plate
B4. Powder Str.

Obligquhty _No. Charge _Vel. Results
Caliber ,50 AP M2 Firinge:

o.
o.
o®
OO
o.

0*
20°
20°
ar

30°
p‘

p [ ]
p‘

%

§55555558 4y

SEE3E L1

FIEE S

1 100.0 19% OCp - PP
2 100.0 132’# @ - PP
i 100.0 1543 G - PTP

90.0 13 o - CIP
5 90.0 1507 G - PTP

BYavy limit at 0° -~ 1500 f/s; Army limit not determined

)9 150.0 2061 Cp - IPTP
-9 165.0 2229 O - PP
W 157.5 2179 & - PTP
Y2 152.5 a51® & - Y
Dfary 1imit at 20° - 2165 f/e; Army limit not determined
140.0 1976 CP - FPTP
. X291 Cr - IPTP
165.0 22713 & - PP
155.0 21935 & - PP
10 160.0 gf PP - §3 - Ixcessively yawed - Disregard

.

O Oh~d O
(%)
3
o

11 160.0 & - Pw
12 13%.0 19 FP - MB

S)ray 1imit at 30° - 1970 f/a; DMavy limit at 30° - 2260 f/s

13 180.0 251 P - PP - BS .6%x. 6"
1 200.0 270 O - PTP - BS ,6%x.8"

15 190.0 2624* & - PP

16 195.0 2653 CP - PTP 38 l.6"x1.1"

17 160.0 2235* 7P - BB

18 170,00 2358 CP - PP

19 165.0 lost PP - W3

20 1650 2328 CP - FPTP

2 162.5 2261% & - P

Barmy limit at 40° - 22U8 f/s; Doavy 1iait at U0® - 2639 f/e

2 215,0 28892 CP ~ FPTP .55%:.W5% B8 :
23 220.0 2959 CP - PP .9%:x.7° 38
2

25,0 2783 CP - CIP
2 ars ™\e @ -re
200.0 2n1 C - I
21 15,0 %682 O - PP
28 180.0 2u76 PP - )0
29 190.0 > -2V
185.0 - e
g ue.g } P - B
183, > - P .
Sprmy limit ot U5° - 2521 £/e; D¥avy limit at U5 - 2699 f/e
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“a

Ballistic Data Shaet ¥o, 6 (Coat'd)

Plate
Plate Ra. Powder Str,
Obliquity _No. Charge _Vel. Results

Caliber .50 AP M2 Firings:

Plate at 0° - Projectiles tipved through 1/8* aluminus screen se} at LO®,
7'6" {n front of plate, then through second screen set at 0°, 3 in
front of plate.

o°* 33 187.0 gaska“ @ - PIP 1,7%2,55" Back opening
0° 3 180.0 CP - PP 1.7%x.55" Back opening
0° » 1750 1lost PP - B
0° 36 177.0 2417* PP - 1B Pun 8

PTP

o° 37 178.5 Zgg"ncp -

o® 3z 1718, 2 cr - TPTP

SArmy 1imit at 0° (projectiles yawed approximately 90°) 2122 f/e
DEavy 1imit at 0° (projectiles yawed approximately 90°) 2u3é /s

LDt e et € e R e g

WSTPWSLSEN - LV IEN N

R dwa s

PRty
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VATERTOWN ARSINAL

rurt |063§3- 3/8" woMo, NI-CR, 1.8, 204,000} BRINELL 415, TESTLD
s, mo 45® deLigutires iy cAL .50 AP M3, TESTED wiTH
aven &A. oS ONT MY 16 1042 VoA ,710=1850




YATCRTOVYN ARSENAL
PLATE 168383=C1, 3/8% MOMO, MI=CR, 7,8, 204,800; BRINCLL 415
1€ 1042 BACK

Ay WA 7101854




Ballistic Dmta Sheet ¥o. 7

Dieston Plate P303 - 3/8%x36"x36” Ni-Me Face-Hardened
BHN: Face 601, Rear 363-388 - Photographs W.A. T10-1848, ¥.A. 710-1843

Plate
Plate Rd. Powder Str.
Obliguity No. Charge Vel. Results

Caliber .50 AP M2 Firings:

0* 1. 14,0 2047 PP - CIP-1LB Pun § 3D
0* 2 1.0 2061 FP -CIP-1B Pun § BD
0° z 150.0 21%8 CP - PP .5"x.7" B8
o° 1k7.5 20708.8¢p - CIP WD

Saray listt at 0° - 2069 f/e; BNavy limit at 0° - 2101 /s
160.0 2% cp - P>
170.0 2293 OGP - PT .9"x.65" BS
165.0 259% o - PP
22820

L2
4
2° ¥ 167.5 P - P™® .7%.8" tncomlete BS; 1/2"x1*
face orack

20° W 100 1983 PP - S5
20° b7  155.0 2096 & - FPPTP
20° Lg 13(5:.0 2110 C? - rPT?
x0° b 145.0 2047* PP - L3 Pun §
x° 50 147.0 2053* & - PP

Sarmy limit at 20° - 2050 f/s; PBavy limit at 20° - 2271 /s
Jo* 5 175.0 2397 @ - PP
30° 6 170.0 2417 O - PTF 1.1"x1,15% BS
0° 7 165.0 2u8 @ - PY
30° § 160.0 235% @ - yPTP 1/8¥z1/8* Back petal
»° 9 155.0 297 @ - rre
30° 10 150.0 260* P - FFYP
30° 1. 1.0 2219* PP -G
o° 12 167.5 2348 cp - reTP
° 13 168.5 2153 P - PP .6%,.65" B8
Jo° 51  180.0 10 & -P® 1-1/16"x9/16" 33
Y° 52 170.0 17 CP - PP 1%x13/16" BS
30° 5 160.0 2218 CP - FPTP
30° 5 165.0 28 @ - FPTP
Yoo 55 168.0 2343 P - PP A

SArmy limit at 30° - 2140 f/e; 2Wavy linit at 30° - 2331 f/s
wo® 14 160.0 229 FP - MB :
Lo° 15 2i0.0 2819 & - PP
boe 16  215.0 2886 P - PP .9%x.85% B8
hoe 17 180.0 zaos P~ PP 1l.17x1.17 38
Lo 18 180.0 2u76 P . PP
koe 19  170.0 lost MNissed plate
Woe 20 170.0 231£8.0Cp . PP
ho* 2 165,0 2298%.%pp . £2

Siray 1init at $0° - 2308 f/s; Mavy 1isit at 4O® - 2308 /s

e ¢ e s e 2o e




Ballistic Data Sheat No. 7 {Cont'd)

Plate

Plate Bd. Powder
Ovliguity ¥o. Charge

Calider .50 APM2 Tiringe:
5o 2 20.0
Lge ga 185.0
L5e 200.0
wye 5 5.0
5o 26  205.0
b5e 27 25.0
k5o 8 Max.
u‘).. 8 215.0
Lse 30 220.0
50 n 7.5
Lse 32 219.0
Lso Ja 218.5
u50 3 200.0

Plate at 0° - Projectiles tipped throush 1/8" aluminua screen set at UC°,
7' 6" {n front of plAts, then through second screen set at 0°, 3 in froat

Str.

Yel. Results

2829 CF
340 PP
2721%.2pp
2794
2796
2909
20
2929
2985
2933
2983
2921
27218.8CP

JUNRERYRAEN

- PTP

- M3 - Back crack

- LB

- PP - Hit R4, #7 ~ Disragard
- PP

- FPTP

- PP 1.0"x1.1" 3§

- FPTP 3,17 and 3.25" Face cracke

- PTP 1"x1" BS
- TP
- PTP
- JPTP
- PTP

Syrmy limit at 45° - 2721 f/s; DHavy limit at U5® - 2721 f/s

of plate.

oo
b4
06
Q°
Q°
00
Qe

E3% iR

W

187.0
178.0
175.0
165.0
170.0
172.5
174.0

2560 (14
alhly
aui2
s
23620
25970

BYRYRKA

PTP

PTP 2.4?x2.1* BS

PTP 2.15"x2,.85" BS

13 Pun 8 2,3'x1.6" IS
PP 3,5%xU,5" Pace crack
TPTP 2.5"x2.8% Jace crack
PTP 1.8%x1.75" BS

Sprmy limit at 0° (Projectilas yawed spproximately 90°) 2314 /s
E¥avy 1imit at 0° (Projectiles yawed sporoximately 90°) 2380 f/s

7 WM TP MN51 Firing:

30°

%d

56

3 os.

1736 @

- PTP 3.1/uf%x3% B§

My,




'LA?"!.

mo&r T

Aslaoo:aqa.v

TED wWiTH 3™

YVATECRTOWVN
Ni~#0, BRINELL FACE 601, BACK 363-388. TESTED AT o®, 20°,

(= ]
L S]

WiITH CAL ,50 AP M2,
1 T.r. FRONT

ARSENAL

TESTED wiTH YAWED CAL .50 A' HZ.
MAY 16 1542 WA o 7101848




VATERTOWN ARSENAL

/8" Fu.; Ni-m0. SRINCLL FACC 601, Bacx 363-388
1942 sacx Wl s 710-1£40

PLATE 0.
maY 16

D S




Ballistic Dnta Shest No. &

Carnegie-Illinois Plate 19426£37 - 1/2" ¥i-Cr Homogeneous
BEN 261 - T.S8. 132,000 - No Phosographs

Plate
Plate Bd. Powder Str.
Odliquity Yo, Chargs Vel, Reasultis

Calibor ,50 AP M2 Tirings:

o 1 85.0 1384 cP - FP1Y
o0 2 82.0 1329 & - IPTY
o 3 €0.0 1ug* PP - )3
o* " 81.0 1287 PP - 13
0° 5 130.0 1869 & - PIP
0° 6 125.0 1831 @ -P®
0° 7 120.0 1766° Cp - PTP
0 g8 115.0 1729% @ - O
0° 9 120.0 1806 o - PP

Arzy limit at 0° - 1268 f/e; Navy limit at 0° - 1748 #/s
20° 0 13.0 loit O -CIP XD
2° 11  125.0 lost CF - OIP
20° 12 120,0 lost CP - CIP ¥D BD
20° 1 120.0 1752 & - OIP ¥
0° 1 15.0 1854 & - CIP ND
20° 15 130.0 1885 CP - OIP ¥D BD
20° 16 133.0 1lost CP - OIP ¥D BD
0° 17 1&.0 1968 CP - CIP ¥D 3D
2° 18 1bo.0 209 @-cr ¥
2° 19 14%.0 2081 @ - CIP ¥D 3D
0° 20 150.0 220 & - CIP ¥D BD
20° 21 155.0 2207° P - PP
0° 2 153.0 nT @ - CIP ¥D
20° :z 115.0 1686 CP - CIP 3D
20° 105.0 1589 @ - FPPTP
2° 2% 100.0 1570 @ - PPTP
2°* 26 95.0 1L47s* PP - CIP - 88 BD
2° 27 98.0 197 @ - PP

Sirmy 1imit at 20° - 1488 f/s; D¥avy limit at 20° - 2192 ?/s
»° 2 125.0 1570 PP - 8B
300 29 135.0 1929% P - CIP 3D
ig: 2 1R9 1 m-w

1 122.0 18 PP - MB

Y 32 133.0 19148 PP - CIP - L3 Pun 8
J0° gz 150.0 241 CP-CIP 3D WD
30° 155.0 219 P - CIP BD ND
3° 3 160,0 lest CP - CIP BD ¥D
g 36 170.0 2387® & - CIP BD ¥

° 3 175.0 37 @ - PP

Army 1imit as 30° - 1922 f/e; P¥avy lisit at Y0° - 2357 /e

e o sohe e e

o e e e



R T e

3allistic Data Sheet No. § (Cont'4)

Plate
Plate R4. Powder Str.
Ohliguity No. Charge _Vsl. Results

Calider .20 AP M2 Firings:

we zg 155.0 2204 PP - SB
ho© 165.0 238 FP - SB
uo® B 175.0 378,0¢p - PTP
koo L2 170.0 2392 FP - B
uoe 3 173.0 2M7%.3pp - @

Sirmy 1imit at 40° -~ 2L27 f/s; DNavy limit at 4C® - 2U27 £/s

37 W4 TP_M51 Firing:
e W  Jos., 1736 C - PP

T T



e e R N D AP e, £ A s TR et
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Carasgie-Illinois Plate 1942€2B8 - 1/2"x36"x36" ¥i-Cr Eom;mcotu

Ballistic Data Sheet ¥o. §

BHK 282 - 7.8, 132,50 - No Photogzraphs

o°

Plate
Plate Rd. Powder Str.

Obliguity _Ho. Charge _Vel. BRasults

Calidsr ,50 AP M2 Firinget
1 125.0 1899 @ - PP M1l petalling
2 115,0 17588 ¢p -~ CIP
a 120.0 1782° @ - PP Tull petalling

90,0 1462 Backed by suppurt - Disregard

6 92.0 1508 Cp - TPTP
T 90,0 1385 o -~ IPTP
] 85.0 13288 P - PPTP
9 8.6 13138 P - L3

SArmy 1izit at 0° - 1770 ¢/s; Yavy linis at 0° - 1320 f/s




Bellistic Data Sheet Ko, 10

Carnegie-Illinois Plate 19426835 - 1/2%x36%x36? ¥i-Cr Homogeneous
BHY 302 - T.S. 150,000 - Fo Photographs

Plate
Plate R4. Powder Str.

Rt AL 4

Obliquity No. Charge Vel. 3Results
Calidbmr .50 AP K2 Firings:

0° 1 92.0 lost CP -~ JFPTP

0* 2 90.0 160 P - PPTP

o 4 e 87.0 1492 CP -~ FPIP

0* 85.0 1L00 CP - FPTP

0° 5 £€3.0 13271 PP - L3

o* 6 85.0 lost CP - FPTP

0° 7 84,0 lost PP - L3

0° 8 gh.0 130 PP - 13

0° 9 87.0 1327 PP - 13

0° 10 £9.0 14 cp -~ FPTP

0° 11 87.0 1428 Cp - FPP

0° 12 85.0 13518 CP - FPTP

0° 1 135.0 1927 T - PP

Q° 1 130.0 15684 P - PTP

o° 15 125.0 1811 CP - CIP

0° 16 128.0 1912 @ - PP

0° 17 128.0 136 @ - PP

0° 18 125.0 18 & - CIp

®Army limit at 0° - 1339 £/e; “Favy limit at 0° - 1840 /s
00 19 160.0 2233 ¢ - CIP BD
20° 2 165.5 2288 P - PTP 5/8%x1/4® Back petal
20° 21 163.0 2298 Hit Rd. #$3 - Disresard
0 2 11,0 260" @ -
20° 23 135.0 1990 CP - FPTP 1/2%x1/U® Back petal J/L"x1/L*
Jass petal
2° 24 15,0 1836 CP - IPTP
20 S 115.0 1729 CP - FPTP
20° 2% 105.0 1650 CPp - rr1P
xr 21 95.0 15088 PP - S3
0° 28 98,0 1535% CP - FPTP
Sirzy 1imit at 20° - 1522 7/s; DHavy lizit at 20° - 2247 ¢/s

30° 29 125.0 1151 PP - 3
30° 30 130.0 1912 FP - S8
30° 1 135.0 1984 =it edge of plate - Disregard
30° 32 1350 1939 PP - B
Jo* 3 140.0 2017 PP - 3
30 Ji 15,0 2061 PP - B
$0° 32 1§§.o 2100 PP - )3

o 169.0 2%1® CP - PT®
§° %& 160.0 ﬁ‘)‘:.ncy - CIP 3D ¥D

o 155.0 PP - )3

Sprey limit at 30° - 2259 f/e; PRavy limit at XG° - 2267 f/e

K



Ballistic Data Sheet ¥o. 10 (Cont'd)
Seilistic Data Sheet ¥o. 10

Platas
Plate Rd. Powder Str.

Q!giggiﬁz ¥o. Charge 7el. Results
Salider .50 AP N2 Yirings:
Lo Eg 180.0 505 rr -5
koe 190.0 2% G -ClP 30 XD
ke B 1850 255 PP -3
hoe 42 1850 29 ppr . 3
ko b3  195.0 2662 P - 13
Loe B 205.0 27175 mit R4, ¢35 - Dieregart
Lo* b 250 2182 @ - P
ho® % 2000 21m® @ -rPe
uge 47 1980 21:a® pp - LB

®Army liatt at bo® . 2602 t/s; PHavy limit at W° - 2726 /s
37 08¢ TP ¥51 Firing: .

Jo* ug Jos. 1756 @ - P 3-1/M%x2.1/2* Bs




Balliasti: Dmta Sheet No. 11

Carnesie-1llinols Plate 15L26#B1 -~ 1/2%x36°x36" ¥i~3r Homoseneous
BiN 321 ~ T.S5. 164,500 -~ ¥o Photograpts

Plate
Plute Rd. Pcwder Str.
Cdliquity Mo, Cht~re Vel. BResults
Calidar .5C AF M2 Tirings:
o 1 £85.0 136 PP - L3
o 2 85.0 1390 PP - L3
0° 3 90.0 lm' PP - 13
o* L 92.0 1 > - PP
0° 5 11¢.0 1632 & - IPTP
ool 6 125.C lost CP - FPTP
ce 7 135.C 190 CP - PP 3/8°x1/4® duck vetal
¢ (] 130.0 17.5 PP - Pit Ra, 47 - Dlsresard
0* 9 132.0 19.92 @ - PP
o° 10 130.0 128 @ - CIP
Sarny limit at 0° - 1115 f/e; Dlavy 1iz1t at C* - 1301 f/4
x° 11 165.0 223 C - PP
2° 12 160.0 22208 & - PP
Xx* 13 15,0 lost Hit R4, 11 - Msreswri
x° 1 15%.0 2150 & - CIP a/s'xs/k- 3ack petal
x* 15 155.0 2199  Hit R4, o1l - Meregard
xe 16 15,6 2191% CP - CIP 3/u%x)/U" 3ack petal
.o 17 115.0 17« PP - S
20°* 18 120.0 17€¢¢ PP - B
i d 1 125.0 18478 PP - Pun 8
x* r-o] 128.0 118 CP - CIP
Saray liagt at 20° - 1850 f/e; Bavy limit at 20° - 2206 /s
3° a 170.6 2¥%& PP - Pun 8
X 2 175.0 231 P -P¥
x°* o 172.5 2407*-2% - PP
¥ 2 171.0 2W7*%PP - X
Shrmy lisit at XC® - 2602 f/s; D¥avy liait at X°* - 2402 t/s
Uy F) 20.0 2080 PP - XB
oo 26 25.0 27338987 - )3
e 21 210.0 2845 CP - PIP 3/u%x5/8" Pun
ke b 208.0 2808" 2 - PP 3/8%x5/8° Pun

S8ray 1imit at 40° - 2796 f/5; PWavy limit at 80° - 2796 1/
37 % TP M51 Piring:

»° 29 J3os. 1736 & -




Bellistic Data Sheet Wo, 12

Carnegie-I11ineis Plate 18120642 - 1/29x36%236® ¥i-Cr Fomoseneous
M 15 - 2.8, 210,500 - ¥o Photographs

Plate
Plate Rd, Powder Str.
Ovliquity _No. Charre _Yel. Results

Calider .50 AP N2 Tirings:

0* 1 92.0 107 & - P 5/16°x3/8* Pun
o 2 105.0 lost O - P .
0 100.0 lost & - PP 5/8%23/8" Pun
o* 100.0 1515 @ - FPTP 1/2°x}/8% Pua
o* 5  105.0 1528 CP - PTP 2/3"x1/2°® BS
0* 6 85.0 135%* PP -L3-Pm 8
(o 7 £9.0 1375* & - PP 1/2°:3/8* Pumn
Sirmy limit at 0° - 1350 f/s; ®Wavy limtt at 0° - 1522 /s
x* (] 133.0 15904.2p9 - XB
2 9 1k0.0 1982 @ - PP 5/8"x3/8* Pm

x°* 10 1%.0 19142.2CP - pr» 1-3/Urxl-1/Le 28

Sarny 1imit at 20° - 1902 f/s; “Bavy 1imit at 20° - 1902 /s
x* 11 160.0 299 -0
X 12- 170.0 27 »? -9
x* 13 175.0 7™ P - 13
1 178.0 2ug2 @ - CIP 3/8°21/8" Pun 3D
15 185.0 2545 @ - CIP 3/8°:3/8" Pun 3D
»°* 16  1%0.0 g:‘ FP - 13
X 17  195.0 & - P¥ 1-1/umx3/U® 38
Y* 18 190.0 262 P - CIP 3/5%x3/8® Pun 3D, ¥D

Sirwy 1imit at 30° - 2670 f/a; “Favy liait at 30° - 2636 f/e

30°

L 19 205.0 2799 Mt R4, M2 - Dleregard
hoe 20 205.0 212 & .CI? M-I

hee 2 209.0 2866 (@ - CIF 3D - ¥D

ho* 2 212.0 2897 & - P® }/utx5/8" 38
w* 2 0.0 2122 r -3

Lo 0 2151 PP - Pun §

203.
Sirmy 1isit at 4O® - 2800 f/s: B¥avy liaid at 4O* - 2823 f/e
37 M TP N51 Tiringt

»* > 3 cs. .1736 @ - PP 6-1/U%xL-1/2" 38 Cracking
started

RSV



Ballistic Dnte Sheet No, 1% '

Disston Plate 330 - 1/2%°x36°x36" ¥i.do Yace Hardened
BHE: Jace 653, Back 363 - Photosraphs ¥.A. 710-1846, W.A, 710-1847

Plate
Plate RBd. Powder Str.
Oviiquity No. Charge _Vel. Results
Calider .50 AP M2 Tirings:

o 1 155.0 2066 PP - SB
o* 2 165.0 207 & - P®
Q° a 160.0 2140 Miseed plate
o 160.0 2132%:8PP ~ CIP - MB Pun §
o° 5 165.0 2203 P - PTP
0® 6 162.5 255%.8@ - PTP

Sirmy liait at 0° - 2144 f/s; B¥avy limit ot 0° - 224k £/4
10* !z 170.C 2238 Missed plate
1c* 2 170.0  22398.0pP - SB
10° 2% 175.0 22878.nCP - PTP

Sarmy 1imit at 10° - 2253 f/s; 2Navy lisis at 20® - 2253 f/s
20° 7T 190.0 2411 & - PP
2° 8 1850 2456 CP - PP .55"x. 7" IS, 1/8% Back petal
2 9  180.0 2352‘-"7? -CIP - S3 3D
20 10 182,5 2w7s.2p - PP ,5"x.1'T5

Sewy 1131t at 20° - 2395 f/s: Sfavy limit at 20° - 2395 /9
3° 11 2050 1% @ -PP
300 12 26,0 2671*.7Pp - B
3o 1} 02.5 269183 . P¥

SArmy limit at Y0°® - 2681 f/e; Phavy limit at J0° - 2681 f/s
uce 18 2100 2TC PP - R
Lo 15 215.0 284 PP . S
W 16  Preloed 2969%:37P - PP .7%%.95° IS
e 17 . 2909 PP -9
uge 18 . 229 PP~ S
Wo* 19 . 2967%%pp -

Sirmy 1iait at UC® - 2963 f/s; BNavy lirit ot NO® - 2968 f/s

JL @ AP W51 Firing:

X 2  4.50s. 2234
37904 TP MS1 Firinge:

3Jo* 2 3.750s. 1934

Jo* 22  93grams 1895

e - PP 2.13"x2.65* 3S

PP - Supported - 1.95%x1.35" Batrance
Disseter,2.10%x2, %" Ixit Diameter including
38

P - PIP 131%3,25" Intrance Diameter,
3-7/8%24" Bxit Diaseter including BS



WATERTOVWN ARSENAL
PLATE 330, MEAT 2;927‘ t/ r.n" Ni-MO, BRINELL FACE 653, saCK 363,

TESTED AT O. 1ce® OBLIQUITIES, 840CK 'ES'CB WITH 37vM
M51 A.P.Co AND ) mri .p. wout MAY 16 1042 VAo T1(m1846

e g
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VATERTOVYN ARSCHNAL

PLATE 330, MEAT 21027, 1/2® 7.4, Ni=-MO, BRINELL FACT 653, Bacx 163
my 16 l9a2 bacx wok 7101547




{ Ballistic Data Sheet No. 1U

Carnegio-Illinols Plate 196198-1 - 5/8%x36"x36" Ni~-Cr Homocenaous
BEN 265 - T.8. 129,500 - ¥o Photographs

Plate
------ Plate BA. Powder Str.
MWliquity No. Charge Vel. Results

Caliber .50 AP M2 Firings:

. o° 1  15.0 1848 CP -~ CIF
/ 0° 2 135.0 194 P - PTP Tull petalling
Lol a 130.0 18858 CP - FPTP
o 133.0 1907® CP - PTP
0* 5 105.0 1622 CP -~ FPTP
0 6 100.0 1584 Cp - FPTP
0° 7 °5.0 1507 CP - FPTP
0° s 90.0 1426 PP - LB
0° 9 93.0 1ksgs CP - FPTP
0° 10 51.0 1k51® PP - LB
®Army 1imit st 0° - 1439 f/e; PHavy limit at 0* - 1896 /s
2* n 125.0 183* FP -~ CIP Pun § BD
0° 130.0 1875 ©P - CIP
< 20° 1 128.0 1885 Becked dy support - Disregard
{ 2° 1 127.0 18408 CP - CIP 3D
L 2° 15 - 140.0 1996 P -~ CIP 3D ¥D
20° 16 1.0 2053 ¢ -~ CIP BD ED
20° 17 150.0 2220 (P - CIP. BD ND
20 18  155.0 2179 CP - CIP BD ¥ND
2° 19 160.0 2244 CP -~ CIP 3BD ¥D
20° 20 170.0 237 GP - CIP 3D XD
0°* 22  1%.0 zh96“ G - CIP BD KD
20° 22 1%.0 CP - PP
20° 23 185.0 2523!! @ - PP
“army 1init at 20° - 1838 f/e; ™¥avy limit at 20° - 2510 #/s
Jo* b 1450 2050% P - OIP 3/5":5/3' Pun ¥ 3D
300 29 135.0 1988 PP - MB
30° 26 150.0 2017 PP - L3 - CI® 3D
30° 27 1430 20U PP -~ §3 '
30° 28 200.0 2692 Hit within 1 cal. of RA.#25 - Dlarecard
30- 2 210,00 2284% P -P®
30° 3 205.0 27139" CP - PTP 3/8%x1/4* Back petal
30° N 202.0 2780" CP -~ CIP BD KD .
Sarmy limit at 30° 2046 t/a; RVavy limit at 30° - 2725 /s
e 2  175. 2 PP - 53
uoe g 18% 0 & Cp - CIP BD
uge CP - Hit BA.$33 - Disregard

t

38: 5? 8 g 8 - RP Projectile shattered

SArmy limit at 40® - 2530 f/s; Navy lizit not determined
I W TP M5 Piring:

0° 37 37%s. 1610 @ - PP

)

e e s
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Ballistic Duta Sheet ¥a, 15 x

Carnegie~Illinois Plate 196198-3 - 5/8"x36%x36" Wi-Cr Hemoceneous
BHN 302 - T.S. 149,000 - No Photographs

Plate

c‘
o.

3%

388 %38%

w.

Plate
RA. Powder Str.
Obliquity _HNo. Charge _VYel. Hesults
Calider .50 AP M2 Tirings:
1 10,0 2020 o - CDF
2 150,0 2125 C - MP Iall petalling Hit within )
calider of RA. $ 1 -~ Disregard
g 5.0 2115 CP - PTP
135.0 1985® (P - OIP
5 138.0 2007 CP - PP
6 105.0 1655 > - D
7 100.0 159 CP - PP
g 9.0 1lkgs PP . LB
9 98,0 153% o - PP
10 6.0 1511* PP - LB
Burmy limit at 0° — 1523 f/s; DEavy linit at 0° - 1996 f/s
11  120.0 2505 CP - CIP Projectils shattered
12 155.0 2% @ - PP Jull petalling
1 165.0 215 Cp - OIP 3D ¥D
1 155.0 21907 CP - PP 3/4%x5/8" Back petal
15 150.0 gg CP - OIP 1/2%x1/U® Back petal BD ¥D
16 10,0 ©® @ - OIP 3D
17 130.0 485* @ - Fr1®
18 135.0 1323‘ FP - ¥B
19 1530 a8® - re
Siray 1imit at 20° - 1870 f/s; ®Wavy limit at 20° - 2176 f/s
20 160.0 2219 PP - N3
22 175.0 2427%DPP -~ Pun 8
22 180.0 505 CP - OIP Projectile shattered
23 177.0 2456A.2CP - PP
SArmy 1imit at J0° - 24k2 f/e; “Uavy Llait at X0° - k2 f/s
24 2000 2n» rr.
% 2a5.0 284 cp - PP
26 208.0 21n% ¢r - PP
21 22.0 2199 2 -N
28 21,0 27u3*3cp - OIP BD

g

Saormy limit at UO® - 2729 f/s; DWavy limit at LO® - 2758 f/s
1M TP NS Firing:

”‘

29 Jos. 17 @ -2 2-1/4"x3-1/2" 38

e g
REls AN
iae. P
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Ballistic Data $heet ¥o, 16

Carnegde-Illinois Plate 156198-5 ~ 5/8"x36%x36% ¥i-Cr Homogeneous
BHE 359 - 7.5, 175,000 ~ Ho Photographs

-p

Piate
Plate Ra. Powder Str.

Obliquity Nn. Charge Vel, Hesults

Calider .50 AP M2 Tirings:
o° 1 135.0 1963 CP - FPTP 5/2"x1/U® Pace petal .
Qe 2 185.0 2056 CP - TPTP 5/8"x3/8" Tace fetal
oe z 155.0 2190 CP -~ CIP .Backed by supuvort - Disregard
*)d 155.0 21858 CP - PTP 5/8"x3/8" Face petal -~

3/8%x3/8" 35 -

o° 2 152.0 21698 CP - CIP 3/u*x5/8® BP; 3/a8"x3/s" rp
0° 120.0 177 2 -~ PP
0° 7 110.0 16€0* P -~ FPP
0° 8§ 105.0 1584 PP - MB
o° 9 1C8.0 16322 P

rmy limit at O° - 16U6 f/s; Blavy limit at N° - 2177 /s
x° 10 140.0 1993 PP - S3
20° 11 145.0 2032 PP - N3
20° 12 150.0 2100 PP - MB
20° 1 155.0 2169%.8CP - PTP
x° 1 153.0 2153%:8pP - SB

Sarzy limit at 20° - 2161 f/s; DNavy limit at 20° - 2161 f/s
Jo° 15 165.0 2387 PP - S3
300 16 175.0 2866 rpP - SB
30° 17 185.0 2564  Hit Rd. 411 - Disregard
30° 18 195.0 2663 FP - M3
30° 19 205.0 2729 CP - PTP
30° 2 200.0 2734 CP - PTP
30° 2 198.0 27018.8C? - PP
3o° 22 196.0 2683 32acked by support - Disregard
Joe 23 196.0 2675%:°PP - 1B

firzy linit at 30° - €8¢

Lo

24

25.0

3750 TP M91 Piring:

30°

25

2.5 og,

f/s; D¥avy 1intt at 30° - 2688 /e
224 FP - ¥B

170 PP - L3




Ballistic Data Sheet No. 17

Carnegie-Illinois Plate 196198-7 - 5/8vx36"x36* ¥i-Cr Hoooszeneous
¥ 409 - 7.8, 203,500 - ¥o Photocraphs

L

Plate
Plate R4, Powder Str.
Obligquity _¥o. Charge _Vel. Results

Qalider .50 AP M2 Pirings:

o* 1 130.0 1902 CP - CIP 1-3/47x)-3/u» BS

0° 2 135.0 1934 CP - CIP 3/8"x3/8" BS

0° 3 140.0 20122 CP - CiP 2* Pun 8

0° " 145.0 2045 Hit R4, 43 - Disregard

0® 2 15,0 203%™ CP - PTP

o° 105.0 1625 PP - MB

o* 7 110.0 1652 @ ~ PTP

Sirmy 1121t at 0° - 1639 f/w; BEavy limit at 0° - 2024 /s

2 0° 8 155.0 2189 FP - B
N 20 9 160,0 22u4 PP . &
- 0 10 165.0 2318 Hit within 2 caliders of RA. #

220° 11 165.0 2293 PP - SB

F 0 12 170.0  23677.8CP - PTP

20° 13 168.0 23h3%App . 3

‘ Sirmy linit at 20° - 2355 f/s; MSavy limit at 20° - 2355 f/s
. 30° 1 150.0 2535 7P - 3B
30° 15 185.0 265 PP - KB
L Jo* 16 190.0 2614 PP - )G
B Jo* 17 195.0 2667 PP - OB

' 18 2000 2122 PP - SB
o 19 25.0 2755%BCP - CIP 3* orack on dack
% 20 202.0 2760 PP - 8B
i Jo* 2 210.0 2868 P - PTP 2/3°x5/8* 28
30° 2 208.0 2848 CP - PTP 5/8"zxy/8"
| 30° 23 26,0 22812 P - PpTP
Mrxy lisit st 30° - 2773 f/s; DWavy limis at Y0° - 2799 f/e
Lo* 24 25.0 2909 PP - ¥B
31 M TP M5) Piringe:
30 b 3.5 os. 1895 (P - PTP 54°z47 3§ Two 10" radial

eracks. One 8% radial crack.

W LT




Ballistic Uata Sheat No, 18

Carnegie~Illinols Plate 196198-8 - 5/8%x36"x36" Xi{-Cr Homozeneous
BHN 415 - T.S., 205,000 - Photographs W.A, 710-13Ll, ¥W.a, 710-1845

Plate
Plate R4, Powder Str.
Odbliquity No. Charge _Vel. Rasults

Calider .50 AP M2 Firings:

0°* 1 140.0 1987" CP - CIP BD
y o* 2 150.0 2055 CP - PTP 3/8"x5/8" BP; 3/Wx3/u® PP
T 0* g 145.0 2010R P - PTP 2/3"x2/3® BS; 2/3"x3/8" P
0* 100.0 1574 PP - MB
0° 5 105.0 16288 PP - L3
0° 6 110.0 1651 (P - FPTP
‘ SArmy 1imit at 0° - 1640 f/e; PNavy 1imit at 0° - 1999 t/s
2 7 1.0 2012 PP -N3
20° 8 160.0 22292 CP - CIP BD
20° 3 155.0 2269 PP - NB
20° 10 158.0 2209* PP - ¥B
‘ 20° 11 170.0 2369 PP - LB
N 20° 12 180.0 2u476m CP - PP
- 20° 13 175.0 24522 PP - M3
N SArzy limit at 20° - 2219 f/e; DNavy 1imit at 20° - 2LEL /s
i - ° . 14 180.0 2500 FP - ¥3
= 3o 15 190.0 2614 PP - N®
R 30° 16 200.0 2711 PP - ¥3
30° 17  210.0 2894a.np - PTP
~ 30° 18 205.0 2770 PP - ¥B
: 300 19 2208.0 2nk pPP -3
30¢ 220 209.0° 2862%.BPP - S3
- SArmy liait at 30° - 2881 f/a; DNavy limit at YO . 2881 f/s
. ko 21  215.0 2909 PP - SB
- 31t TP M51 Fizing: .
30° 22 "3oz. 1726 CP - PTP - Plate broke up

it

e i Lo At ORI 3y

iy g S VR e ML 4w S e e e

s s« fom o i et M o, e o T3 oAb e s e fom 5 e enr




Ballistic Data Sheet ¥o. 19

Disston Plats 303 - 5/8%x36"x36" Ni-Mo Face Hardened
BHN (Not Determined) - ¥o Photographs

6%

Plate
Plate B4, Powder Str.
Odliquity Na, Chargs _Vel. Results

Caliber .50 AP M2 Firings:

0° 1 160.0 23038.8 PP - NB
o 2 170.0 17 P - Clp
0° a 165.0 2338 Hit earlier shot - Disregard
0* 165.0 2&2‘-5 P - PP
o* 5 180.0 2 P - PP
SArmy limit at 0° — 2311 f/s; DNavy 1izit at 0° - 2311 ¢/
20° 6 190.0 998.8 CP ~ CIP
b oo 7  180.0 P -1
20° g 185.0 26 PP -Y¥B
0° 9 195.0 ™ CP- PP
Sarmy 1imit at 20° - 2556 f/e; PWavy limit at 0° - 2623 f/s
30° 16 200.0 211* PP -M3
30° 11 210.0 2219 cP - CIP
30° 12  25.0 21508 P - CIP
Jo¢ 13 25.0 2889 CP - CIP

Aarmy limit at 30° - 2726 f/s: FNavy limis not detersined

b

bt et



VATERTOWN ARSENAL

PLATE 1061088, 5/8% HOMO, Ni-CR, T 23305, ooo BRINCLL 415, TESTED
WiTH CAL .50 ap AY o', 0% AND X0 oauout 1e8., SHOCK  TESTED
WiTH 37 M MS5) T, RONT MAY 16 1042 Wk 710=1E44

[P
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YVATEZATOVYN AARASINAL

PLATE 160150-8, 5/R® mHOMO, MI—CR, 7,8, 205,000; BRINCLL 415
MY 16 1542 sacx VoA TI0~1E45
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Ballistic Data Sheet ¥No. 20

Carnegie-I1linois Plate 194273-Bl - 3/u"x36"x36" Ni-Cr Homogensous
BRY 269 - T.S. 130,500 - Photographs W.4, 7i0-182l4, W.A, 71C-182%

Plate
Plate Rd. Powder Str,
dliquity No. Charge Vwel. Rasults
Caliber .50 M K2 Pirings:
0° 1 150.0 215 CP - JPTP
0° 2 160.0 2a97® ¢p - PTP
0° g 155.0 2138  COP - CIP
o° 157.5 2722 P - CIP
Q° 5 125.0 1785* PP - M3 Radial aracks
0° 6 128.0 1811* (P - YPTP
8irmy limit at 0° - 1798 f/s; Biavy 1limit at 0° - 2185 f/s
10° 27 14.0 1851 P - YPTP - SC
10° 2% 10.0 1834 P - FPTP 1/U" diametric crack
10° 29 135.0 1771® PP - 13 3/8wxl/8" ¥P
10° 0 137.5 1%501* &P - YPTP - SC
10° n 160.0 2106 e - CIp
10° 32 165.0 21862 = - PP Tull petalling
10° 33 162.5 2151 P - CIP
10° 3 1640 261" cp - CIP
SArmy limit at 10° - 1786 f/s; PNavy linit at 10° - 2174 /s
20° 7 16.0 2289 P - CIP
20° g 170.0 2352 CP - CIP 3/u¥x1/3" §p
20° 9 175.0 2407 @ - IPP
20° 10 176.0 2us5® P - PP
20° 11 177.0 24513 Cp - PP 1/2"x3/8" TP
20° 12 160.0 2239 CP - CiP 7/8"xlf8" FP 3D
20° 1 1%0.0 210 CP - TP 7/8"x1/8" ¥P
20° 1 147.5 2061 P - CIP 1/2"x1/8" FP
0°* 15 1%.0 2051 Cp - CIP 3/U®xlfg* FP
20° 16 1k2.5 2024 @ - ¥
20° 17 142.0 19962 PP - I3
Barmy limit at 20° - 2010 f/s; “Navy limi¢ at 20° - 2U38 f/s
3ce 18 160,0 2224 PP - ¥B
Jo°. 19 190.0 2555 CP - PTP 5/8"x1/4" FP
30° 2 180.0 2u21* cP - CcIP 1/2"x1/4* ¥P
3o° 2 185.0 2ugz CP - CIP 1"x1/u" P
3o° 2 181.5 2568 Cr - PP
30° 2 185.5 5008 CP - CIP 1"x1/L" yp
300 2 170.0 2323 PP ~ MB Hit Rd. #23
3o° % 175.0 gigs PP - B 7/8"x1/u* FP
Joe 2% 1711.0 28 PP - LB - CIP Pun §

37 M

SArmy limit at 30° - 2415 f/s;

0®

yuy jﬁl Firing:

35 30s. 1311 P

Byavy 1imit at 30° - 2513 f/s

-~ PTP 24"x2% BS 14" Radial crack
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3allistic Data Sheet Ne. 21

Carnegie-Illinois Plate 194273-B2 - 3/U*x36"x36" Ni-Cr Sowegeneous
BYN 271 - 7.S. 131,000 - Photogravhs ¥.A. 710=1£26, V.4, T10-1887

¢4

Plate
Plate ., Powler Str.

Obliquity _No. Charge _Vel. Results

Calider AP M2 Firings:
(0 )4 1 120.0 177% CP - IPTP
ce 2 120.0 1700 PP - L3
(¢)d 3 122.0 1729* PP - 13
o* b 14,0 171504 CP - PP
o* 2 150.0 2076 CP - CIP
o* 160.0 lost Hit Rd. ¢#5 ~ Diaregard
o* 7 160.0 2199 CF - PTP
o* g 155.0 2LoR Cp - PP
0s 9 1%2.5 2220m Cp - OIP

Sirmy limit at 0° - 1742 f/s; B¥avy liait at 0° - 2250 f/s

10° 29 1650 25 C - PP
10° 30 155.0 2075 G - CIp
10° 1 160.0 2ks® cp -CIP BD
10° 32 140.0 1855 CP - rPYP
10° 3 135.0 1832 CP - FPTP
10° 3 125.0 1686 PP - )3
10 3% 128.0 17468 CP - FPTP
10° 36 122.0 1730* PP - LB
10° - 37 165.0 2397 PP
10* 38 170.0 2367 »r1P
10° ag 155.0 2249 CP - PTP
10° 155.0 279% C? - PTP

Sprxy l1iait at 10° - 1739 f/s; PNavy linit at 10° - 2164 £/«
20° 10 140.0 2011 PP - n - 01 BD
20° 11 155.0 2162‘ z - CIP BD
20° 12 160.0 -CIP M
0° 13 12‘;*.5 2222 cr - CIP
20 1 0 28T C - PT?
20° 15 167.0 2319® 0P - PTP 1/u*x1/2° 2P

S,ray 1iait at 20° - 2176 f/s; PNavy limis at 20° - 2303 f/s
Jo* 18 170.0 2323 Baaked by support - Disrsgard

19 170.0 gzu PP - )3 x/u-;}/u- r
20 1900 ka @ - rere 1/2fx1fus @

a 1%.0 zeog cr - PH
aooo 2682 cP - PP 1%i/he PP
.o 2 cr-;'g x-xuz'n
g4

§2 13° lost g-gg 1'x1/ur
R sﬁ‘ Q-2 1m/ne oy

Sarmy limit at 30° - 2336 f/s; D¥evy lints ot JO° - 572 t/e
31 W4 AP MS1 Tirings:

ol 16 2.8 es. 1608 (P - PP

ELAES R
§&,.

~ e d .;.i;i.’-t;::‘é‘..,; SN e

hd &
od
w‘{f’" P ICF P



VYVATEZRTONN ARSCENA L
PLATE 094273-01. 3/4" HOMO, NI-CR, T,9, 130

AT 0°, 10°,

5003 BRINELL 260. TESTED
2 Lad
wttr 37 ree's] b0

OBLIQUITIT. with Cat , M2, SHOCX  TESTED
FRONT MAY 1€ 1942 W.A,710~1824




YATEZERTOVWN ARSCENRAL

PLATE 194273-81, 3/4% MOMD, MNi=CR, T.8. 130,500; BRINCLL 250
MAY 16 1042 BACK VoA 7101825




VATEZRTOYN ARSEZINAL
%4" HUMO, Ni=CR, 7,8, [31,000; smiMeLl 271, TFSTED

® OBLIGQUITIES WITH CAL (50 AP M2, IMPACTED AT 40°

208" s
$7mm MSt AP.C.  FRONT MAY 1€ 1042 WA, TI0-1825




VYVATERTOVYN ARSENAL

PLATC 104273-82, 3/4" HOMO,. Ni—CR, T,.8. 131,000; SRINELL 271
MY 16 1042 sacx VoA 710=1827

e
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Ballistic Data Sheet No, 22

Carregie-Illinois Plate 19477353 - 3/U"x36"x36" ¥i-Cr Homogeneoua

BRN 302 -~ 7.8. 154,000 - Photographs ¥.A. 710-1828, W,A, 710-1329

Plate
Plats B4a. Pawdor Str.
Obliquity JNo. Charge Vel. Results
Calider .50 AP M2 Firings:
0° 1 122.5 176% PP - MB
0° 2 125.0 1772 PP - MB
o° g 10,0 1812a FP - la
0° 135.0 1885 (P - FPTP
0° 5 132.5 18388 CP - FPTP
Q° 6 165.0 22 CP - PTP
Q° 7 155.0 215¢ Hit screen and yawed ~ Disregard
0° 8 160,0 2204 F - FPTP
Q° 9 12,5 2240°% CP - OIP
8Army limit at 0° - 1825 f/s; "“Navy limit at 0° - 22u2 f/s
10° 29 150.0 2002 CP - FP7P
10° 30 147.0 1lcst Missed plate
1c° 3 145.0 lost CP - YP7?P
10° 32 140.0 19208 P - FPTP
10° 33 137.0 lost PP - MB
10° 34 137.0 1885 PP - 13
10° 15 183.0 18938 PP - L3
10° 36 160.0 1lost CP - FPTP
10° 37 170.0 2278" <P - FPTP
1ce 38 171.0 2308" CP - PP
Sirzmy limit at 10° - 1607 f/s; B¥avy limit at 10° - 2293 f/s =
20° 10 185.0 2500 LP - PTR Adjacent to HA.#9 - Disragerd
20° 11 185,0 2uge CP - CIP XD
20° 12 190.0 2539® CP - CIP ND
20° 13 195.0 2591 CP -~ PTP
20° 14 192,5 2568 CP - PTP
2ce 15 140.0 1985 PP - ¥B
20¢ 16 155.0 2160 PP - SB - CIP ¥D
20° 17 160.0 2200 PP - SB - CIP 1%x1/U» wp
20° b 170.0 2299 CP - FPTP Pun S
20° 19 165,0 2283% CP - FPTP
20° 20 162.5 2255% PP - WB
Barmy limit at 20° - 2269 f/s; DNavy limit at 20° - 2552 f/s
3ce 2 180.0 2hzo PP - SB
gg: 22 égg.o gg 0 PP - X3
2& .0 gg P - CIP
30° 2 Service 28LEM CP . CIP
£° 22 Max, 2909 OP - PTP 1/2"x1/2* ®p
o 2 Mux, 2877® CP - PTP 1/2%xz1/U4® ¥P; 3/8"x3/8" B3P
: 300 N 195.0 G4A PP - MB
f:‘ 30° 2 137, 2207 CP - CIP
SArmy limit at 30° - 2601 f/s; Biavy limit at 30° - 2263 f/s




Ballistic

Data Sheet No, 23 ‘

Carnegie-Illinois Plate 1942733k - 3J/U"x3€"x36" Hi-Cr Homegenequs
BHN 304 - T.S. 154,000 - Photogrephs W.A, 710-1830, V.A, 710-1E231

Results
CP - FP®
PP - SB
CP - CIP
CP - PTP
CP - PP
CP ~ FP7P
CP - TPTP
CP - CIP
CP -~ PPTP
PP - L3
CP - CIP Hit Rd.#0 - Diaregard
g-»MB
- L3
cP - FPTP
CP - PTF
CP - PTP

at 0° - 1877 f/e; DNavy limit at 0° - 2250 f/s

Plate
Plate Rd. Powder 6tr.
Odliguity Ho. Charye Wal.
Caliber .50 AP M2 Firings:
0* 1 130.0 1loat
Qe 2 120.0 1700
Qe a 165.0 2214
0° 175.0 2343
ce 2 165.0 22600
0° 155,06 215
o 7 160.0 2179
o® 8 162.5 2229
o* 9 164.0 221gn
(004 10 125.0 18C1
o° 11 130.0 lost
0° 12 130.0 1836
c° 1 132.5 12658
0° 1 135.0 1885
0° 15 185.0 2u68
0° 16 185.0 2506
SArmy linmit
10° ug 170.0 2304
10° %] 165.0 22ugn
10°* 50 170.0 2278°
10¢ 5 155.9 2120
10* 52 145.0 1940
10° 53 140.0 1855
10° 5k 118.0 18224
10° 55  135.0 1795%
Sarmy 1isit at 10° - 1809
20¢ 17 165.0 2278
0 18 165.0 2283
0° 19 167.0 22%9
26° 20 160,0 22318
20¢ 21 158.0 2205
0° 22 125.0 2506
2° 2& 195,0 ?6&3)
20°¢ 2 205.6 27
20 o) 200,0 2n1in
20° 26 200.0 2709
20° 271 202.5 211
Sirmy limit at 20° - 2218

CP -~ PTP Jull petallizg

CF - CiP

CP -~ PP RMll petalling »
CP - FPTP .Y5"2.15" inowwpleds IP

CP - FPTP .U45%x.15" incomplete FP

Radial cracks

CP - 7PTP ,h5%x,10% incomplete FP

Radial cracks

CP - TP ,6"x.3" incomplete FP  URIC

PP - 13

£/e; PNavy limit at 10° - 2264 f/s
P - FPTP 5/8%x1/%% TP
P - FPTP 5/8%x1/U* TP
cr TPTP 5/8'x1/4* TP
- T 1/2%q1/Ln
MB 3/uwx1jus 7P
- CIP 3/u*x1/s* PP
- CIP
- PTP
- Q1 ¥

PP‘

3353988

- CI?
- PP 2/3"x)/8" TP - 1/2%°x)/2" BP
£/9; Mavy 1imit at 20° - 2721 /s

(K

t“ ro ’b-‘.“" AT



t: ~ Ballistic Data Shest Nn, 23 (Cont'd)

Plate
Plate Rd. Powder Str.
Qbliquity _XNo. Chargze Vel Results

Calibver .50 AP M2 Firings:

30° 28 175.0 238% PP - SB

bl 29 120.0 2437 PP -3

3ce 30 185.0 2486 PP - M3

3Ce 31  Service 2900 CP - PTP Hit RA.#$28 - Disregard
100 32 Service lost ¥it e¢lamp -~ Disresard

30°¢ 33  Service 2834 cP - CIP

309 34 Service 3034 CP - PIP 5/16"x1/2" BP

100 35 220.0 2952 CP - CIP

30° 36 220.0 2842 CP - PTP 3/8"xl1/2" 3P; 3/8"x1/8" 5P
30° 17 215.0 2276R P - PTP 1/2"x2/3% BP

30° 38 213.0 28637 CP - CIP 3/8"x5/8% 3P

30° 39  210.0 2814 CP - PTP Hit within 3 ealibers of

Rd. #35 - Diarsgard
0 2809 CP - CIP 3/38%x5/8" 38
90.0 25¢9 PP - CIF - MB
0 2682 cP - yPT?
.0 2614 FP - NB Hit Rd. 917 - Disregard
195.0 260us PP - CIP - LB Pun §

30° ¥  197.5 26328 CP - FPTP Pun S
SArmy 1imit at J0° - 2618 f/s; PNavy limit at 30° - 2870 f/s
37 MM TP M5)1 Firings:

0° 46 31.50s. 1983 CP - PTP 3"x1/2" adjacent punching
started
0° 47  3.0os. 1816  FP - 1B

SR AN M AR > - oo v



Carnagie-Illinois Plate 13427336 - 3/4*x36%x36* ¥1-Cr Homogeneous
BHN 363 - T.8. 181,500 - Photographe W.A. T10-1834, ¥.A. 710-1835

Ballistic Data Sheet No. 24

Plate

Plate

Obliguity _JNo. Oharge Vel. Results
Calider .50 AP M2 Firings:
0° 1 130.0 1841 PP - D
o° 2 1340 1894 PP . 1L1B
0e a 133.0 1914* PP - 1P - SO
0 ibo.0 19288 cCP - rPTP
0* 5 170.0 2%028 C? - CIP
0 6 17150 2352 CP - PP
o* 1 172.5 2330 Cp - PTP

SArmy 1imit at 0° - 1921 f/s; P¥avy limit at 0° - 2316 £/
10° 22 Pre-load 2229 (P - CIP
10° :a 170.,0 2259 CP - CIP
10° , 175.0 23318 CP . PTP
10* 5 172.5 2312 CP - CIP
10° 26 1600 269 CP - PPTP
10 21 155.0 2071% cP . PP
10° 28 150.0 2033 CP - TPTP
10° 29 145.0 1973 CP - rPTP
10° 30 10,0 1g PP - B
10° 31 143.0 1944* FP . %

Sarmy Itmit at 10° - 1959 f/¢: 2¥avy limit at 100 - 2316 /e
x° 8 1850 262 CP - TP .5%.3" BP
2° 9 185.0 286 CP - CIP 7/8"x5/8" EP
20° 10 190.0 1lest PP - B Puan 8
0° 1n 190.0 262W2 CP - FPTP 1'xi/UW* PP
0° 12 192.% 12 CP - PTP 5/8%x5/2° RP
20° 1 180.0 & Cr.CIP 3/8"x1/2* X
20° 1 175.0 2407 PP - 1B
20° 15 177.5 24358 PP . OB

Sprmy limit at 20° - 2451 f/e; DWavy linit at 20° - 2638 £/«
30° 16 Service 2809 PP - )0
30° 17 20.0 lost P .M
”. u X, 8 " - u
30 19 Bax. %.n Cr - PP 5/8*°x1% Pun

Saray liam at 30° - 2932 £/s; “dary linit at 30° - 932 £/

R4,

Powder 8tr.

31 8¢ TP MS51 Pirings:

0°
o*

2
2

3.0". 1806
J.50s. 1973

P -1

- PP 2-.13/32°x)-1/27 3§

e



PLATE 104

AT 0%,
MY

10

16

1302

YATECRTOWN ARSEINAL

3/4% HOMO. NI=CR, T7.8,154,005 BRINELL 302, TESTID
A 30° 0BLIQUITIES WITH CAL .50 AP FRONT
W AeTI0O-18I8

i




/4 /{omo /74-29353 |
REA
Bﬁc&ﬁ‘“ W f"")’m‘ if' Fiz .

VATCRTOVYN ARSENAL

PLATE 19427383, 1/4" wnomd, m-cn Tome 34,000 SRINELL 302
MAY 1€ 1042 sacx oA 7101829




VATEATOWN ANSENAL

PI'.AY 19477384, )/4" mOMD, MI-CR, T,.¥. lSﬂléO(XN‘ BAINDLL 304, TESTED
A

10°, 20° ouuguuu:c WITH CAL .50 AP M2, BMHOCK TESTED
vite §7 "1 s, Mt MY 16 1642 VoA 710~1830




‘n

N, (s
' ""?s_ P et - L8 d03€

..‘% Aieh & .‘ “«‘,.‘

VATERTOVYN ARSINAL

PLATE 19427384, 3/4" HOMO, NI=CR, 7.8, 154,000; BRINELL 304
MY 16 1042 BACK Veh JT10-1830

S r— ——— s



PR R—

YATERTOWM ARSENAL

3-86, 3/4" HOMO, NI—CR. T.8. 181,5005 BRINELL 363, TESTED
20 ® 0BLIQUITIES WiTh CAL 50 AP M2,  BMOCK  TESTED
¢ b, FRONT

MAY 16 142 ViAo 710~1834
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R [OMO /7¢¢.7q56 ;

K
Ky Efg r;“f

D

YVATEZRTOVYN ARSENAL

PLATE 10427386, 3/4" HOMO, Mi=CR, T,.8, 1€1,50C; SRINCLL 36)
MaY 1€ 1642 BACK YA, 710~1835
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Ballistic Data Sheet No. 25

bR
2
3
3
g
d
3
"
3
i
i
¥

Carnegio-Illinois Plate 13L273B7 - 3/4"x36%x36" Ni-Cr Homozeneous
3HN 378 - T.S. 185,000 - Photographs W.A. 710-1836, ¥.A. 710-1837

Plate
Plate BR4. Powder Str.
Odliquity No. Charge _Vel. Results

Calider .50 AP M2 Firings:

0° 1 125.0
0° 2 130.0
0° a 132.0
0° 135.0
0° 5 137.5
0° 6 14%0.0
0° 7 170.0
0° 8 175.0
0° 9 170.0
0° 10 165.0
0° 11 165.0
0° 12 170.0

Shot #12 lettered #13 in photograph,

Sarmy limit at 0° - 1924 f/s; PNavy lizit at 0° - 2272 /s

10° 2% 165.0
1ce 27 170.0
10° 28 173.0
10° 29 173.0
10° 30 175.0
10° n 177.0
1c° 32 178.0
10° 3 120.0
10° 3 179.0
10° » 160.0
10° 36 159.0
10° 37 159.0
10° 38 158.0
SArmy limit at 1Q° -
20° 13 185.0
0° 1 195.0
° 15 205.0
20° 16 210.0
20° 17 as.o
20° 18 290.0
20° 19 20%.0
0° 20 200.0
20° 21 195.0
0° 22 197.5

1847 PP - B

1857 PP - 1B - SC

1870 PP -1L3 - SC :
1890 PP - L3 - SC
19122 FP - 1B
19362 cp - TPTP 3
2313  Hit Rd. #6 - Disregard 1
2332 CP - PTP 1-1/U"xl-1/U® BS i
2312 (P - PTP 3/L"x1-1/u® BS
2273 CP - PTP 7/8"x1-3/8% BS

22598 P - CIP
228 @ - PTP

it B B e AT T b

2234 P - PP .35"x.U5" BS
2308 cP - rPTP ;
2353 PP - SB - Excessively yawed -~ Disregard N
2328 CP - CIP 1/Umsx3/g" BS
lost cr - OIP ;
2372 CP - FPTP .6"x.6" Punching !
2352 CP - CIP 1/u*x1/2" 3§ 5
2L27®  CP - PTP .3"x.65" BS

2397®  Ccp - IPTP

2179 ¢P - CIP

lost Miwzsed plate

21512 CP - TPTP

2133 f/s; MMavy limit at 10° - 2412 f/e

%519 PP
%73 -5
1 CP - TPTP .7"x.5" incozplete BS
CP ~ PPTP .65"x.85" Pun 8
E528 CP - PTP
{ost CP - CIP
2789 C? - YPTP 17x7/8* Punching
2762  CP - FPTP .85"x.9" incowplete 33
2665 rr . 5B
698" CP - TP .8"x.6" BS

Sprmy limit at 20° » 2682 f/s; D¥avy limit at 20° - 2851 f/s L




‘h

Ballistic Data Sheet ¥o, 2% (Cont'a)
Plate

Plate Rd. Powder Str.
Obnggltz ¥o, Charge Vel, Results

Calider +30 AP M2 Tirings:
30° 23 max,  30L78.3 CP . CIP 13/16%x1/2° Punbying
3o 2u nex, J003* PP . KB
Joe o] nsx, 293" P - PP 1-1/87xy/8" Punching

Sarmy 11ait ar 30° - 3025 £/e; P¥avy limit at 30° - 070 t/s
37 % TP _u51 Jiringe: '

0* 39 3.002 1816 P . P it dlameter, lncluding 3S
. be3/4vx5-7/80,

(Photograph erronecusly {ndicates Rds. #12 and #36 as having
impacted in area droken out by R4. #39. ¥o iapact other than Rd. #39
T impacted this area.)

. BISSREN -,
Sk o)
P R

O




PLATE 194273-0

AT Q°
wiTH

57mn5a

VATERTOVN

OGLIQUITI(S \I'ITN CAL
FRONT

ARSENAL
z 64" HOMO, Nl=CR, T,.8, leségoo, BRINELL 378, TESTED

AP
MAY 16 1042

"

BHOCK TESTED
WA J710=1836

v e

vy,




94’273‘-/3*7; Bk
>"H“ 3 ,.c»
o “J. S) -

YATERTOVA ARSINAL

nnt 1947°73-87, 3/4" HOMD, MI=CR, T,8, 185,000 BRINCLL 378
16 1042 sacx WA, 710=1€37
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Carnegie-Illinots Plate No. 19427135

Ballistic Data Sheet Xo, 26

- 3/";136"::36" ¥i-Cr Homogeneous

BHN 388 - T.8. 184,500 - Photoeraphs V.A. 710-1832, W.A. 710-1833
Plate
Plate Rl. Powder Str.
Obligui ty No. Cherge Vel. Results -
Caliber .50 AP M2 Firings:
0° 1 135.0 18998 CP - FPTP
0° 2 132.5 187>a PP - L3
0° a 170.0 2301® P - CIP
0° 172.0 23282 P - PTP
SArmy 1imit at 0° - 1886 f/s; %Navy 1imit at 0° - 2318 f/»
10° 23  175.0 23522 ¢Cp - PTP
10° 24 1725 23292 ¢p - moor .7"x.25" BS
10° > 175.0 2357 @@ - pTP
10° 26 152.0  lost Eit on Rd, $#25
10° 21 152.0 2076 (P - FPTP
10° 28 151.0 2066 P - FPTP
10° 29  150.0 2050 CP - PPTP
10° 30 k9.0 20u42 CP - FPTP
10° 31 17,0 20078 cp - FPTP
10° 32 1850 1968  Eit on RA. #31
10° 33 160 2032 - YPIP
10° 3 1450 1993 pp - 13 - SC
SArmy limit at 10° - 2005 f/s; Bavy lipit at 10° - 2341 t/s
0° 5 185.0 2564 PP - CIP ,7"x.65" Pun §
20° 6 205.0 1loet  Hit RA. #5. Knocked out punching,
Disregard
20° 7 25.0 lest _ Hit Rds. #5, # - Dlsregard
200 § 2050 277R P - FPTP 5/89x1/2" Punching
20° 9 20,0 2259 CP-P® .5%.g5% Ep
20° 10 207.5 1-st PP - Pun S Backed by support - Disrseard
20° 11 207.5 2813 CP - PP .8"x.7" BP
20° 12 206.5 28082 P - PTP 1.0%x.3" FP; .8"x.55" Bp
20° 1 185.0 2565% PP - CIP - Pun S
200 1 187.0 2598 P - FPTP 1,.55"x1" BS
200 15 126.0 2575% CP - FPTP 1%x5/e" Bp
*Army 1init at 20° - 2570 t/8; “Hewy Limit at 20° - 2792 /s
30° 16  Service 2249 PP - )D
30° 17 215.0 29¢9®* @ -CIP Pun &
J0° 18 18,0 28sLd pp . m
30° 19 2200 2920  pp - LB
0° 20 pax, 2925 P - CIP 7/3"x1/2" Pun
30° F43 Bax, 2995 GP - FPTP 2/3"y1" B§
300 22 max. 2933 PP - Pun § 3/u"x3/u% 73
SArmy linit at 30° - 2897 f/e; Navy limit not determined.

SN TN e

%
1
!
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Ballistic Dnta Sheet Xo

Carnegie-Illinois Plate 19427388 - 3/U"x36%x36" ¥1-Cr Homogeneous
BN 388 - £.5. 199,500 - Photosraphs ¥.A, 710-1838, W.A. 710-1839

Plate
Plate B4, Powder Str.

Obliquity No. Charge Vel. Results

Calider .50 A.P. M2 Firings:

o* 1 1%.0 15998 C»r - Fer?

0° 2 1?;.0 1580* PP - LB - SC

0 a 1650 22498 Oop . CIP MV

o* 175.0 2367 cP - PTP

0° $ 170.0 2us CP - CIP - Overlapped M. #i -
Maregard

o* 6 172.5 2322 CP - PP

o° T 167.5 22168 (P - P

farmy 1imit at 0° - 18590 f/¢; BNavy limit at 0° - 2263 f/e
10° 2 170.0 2268 P - 10

100 2 175.0 2353 PP -CIP -WB 1/2* IC BD
10° 23 180.0 ° o .pPw
10° 177.0 lost PP - CIF - MB BD
100 2% 17715 23Me.acP - CIP BD ND

SAray 1imit at 10° - 2367 f/s; DNavy limit at 10° - 2394 tfe ;
20° 8 2100 2603 CP - PTP 1/27x1/U® FP; 9/16%x9/i6* ZP }
2° 9 180.0 2453 FP - FB .
200 10 185.0 2505 PP -¥B

20 11 19.0 262* cP - PP 3 ux7/16* B

2° 12 187.5 25658 @ - yrTP  2/3%x5/8° 3P
20° lz 188.5 lost Kissed plate
0° 1 186.5 25558 PP - N3
20° 1 189.0 250 FP - B
20° 1 189.0 2585 PP - 8B
20° 17 190.0 26132 P - @
Mray liait at 20* - 2560 f/s; DMavy limit at 20° - 2617 ¢/s
30 13 sax, 308 PP - )NB :
Jo* 19 max, Y PP .-)B ¢

Feither irmy nor Javy linits deterained at Y0°.
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PLATE 194273;85. 1/4" nomo, NI-CR, T.8, 184,

AT 0°®, 1C*
MAY 1€

YATERTOVWN ARSENAL

30° OBLIQUITIES WITH CAL .

.

sb

AP

5003 BRINELL 188, 7(51‘!?

WA, 710=1832




S
Ay
J‘

/0 3

RS //.). i ra "

VATCRTOVYWN ARSENAL
SRINELL 188
WA, 71C~1833

PLATE 104273-85, 3/4% vomo, Ni=CR, 7.8, 184,500;
MAY 1€ 1942 8ACK



P s o

YATERTOWN ARSENAL

PLATE 194073-80, 3/4" HOMO, NI-CR, T.5, 159 S00; BRIMELL 380, TESTED
AT 0%, §C%, AND 0™ OBLIGUITIES wiTh CAL oS0 AP M2, SHMOCK  TESTED
vith 37 ' eg) e, FRONT MAY 10 jod2 WA 710~1838

© by b - e e =
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% /Z/OMO /74-27358 ey
= f*w-, R 54§
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VATERTOVYN ARSENAL

PLATE 154273-80, 3/4" HOMO, Ni-CR, 1.8, 199,500; BRINELL 388
MAY 1€ 1547 BaCK Voo 71C=1839



Ballistic Data Sheet Mo, ZE

Disston Plate 10 - 3/4"x36%x36* ¥{_Mn Face Hardened
BKN: Face 593-601; Rear L15-U55 - Pretographs ¢.A. 710-1822, ¥.A.710-1223

Plate
Plate Rd. Powder Str.
Obliguity No, Charge Vel. Results
Caliber .50 AP M2 Pirings:
¢° b 210.0 2782 CP - CIP
0* 2 2.0 2809 cp - PP
oo a 212.0 2811 CP - PTP IS .8"x.8"; Inc. 38,971.1°
0° 187, &% CP -P™® IS .9%,9"; BS .85"x.8"
0 5 165.0 2268 Eit Rd. #4 - Disregard
Qe 6 165,0 224 Eit sxpport - Disregard
0° 7  165.0 2266%P PP - SB
0° s 175.6 2392 ¢P - CiP Inc, BS ,6"x.75"
0° 9 i70.0 2338 CP ~ PTP
0° 10 167,5 22€38.8 Cp - FTP
Spray limit at C° - 2277 f/s; B¥avy limit at 0° - 2277 /s
10° 2k 190.0 lost PP - ¥B
10° ) 190.0 2482 PP - MB
10° 26 200.0 2581 PP 5/8%x5/8*" Pun §
10° 27 205.0 2672 cP - P
10° 27 202.5 261383 PP _ Pun 8
10° 29 205.0 2662  Fit Rd. #2% imocking out punching -
Hsregard
10° 30 205.0 26uce,n P - PTP
Sprmy 1imit at 10° - 2627 f/r; D¥avy limit at 10° - 2027 £/«
20° 11 195.0 2662 PP - $3
° 2¢5.0 2781 PP - 43
200 13 210.0 2829 PP - L3 9/16"x1/2Y Pun S
20° 1 210.0 2#538.8 pp _ B
20° 212.5 2851 PP - L3 .5"x.%5" Pun S
20° 16 214,0 276IMR Cp . PT?
SArzy lizit at 20° - 285 f/s; DNavy linit at 20° - 2252 f/s
3G 18  Sarvice 2849 PP - 53 ,
30° 19 max., 29% PP -~ Backed by support - Disrsgard
300 20 max., 3J028&.R CP - PTP
30° 21 220.0 2931 PP - SB
0° 22 223.0 2979 PP - MB
0° 23 225.¢ 302023 pp - SB
8 limit at 30° - 3024 f/s; B¥avy limit at 30° -~ 3024 f/s
IMK TP W51 Firings:
0° n 3.50x. 1973 ] as &1/2'x6-3/b~ overlapping
b15 gmcn}ne in which vas
lecondar xl-g_ zgunching. Con-
~antric e crnckl
0° 32 3.00x. 1801 ﬁ
37 MM AP ¥S5) Piring:
uoe 17  2.80s. 155  CP - PTP  Pen. Diam. 3"x1-5/8%

s s
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Ballistic Data Shee: No, 29

Carnegie-111inois Plate 194275C9 ~ 1"x36"x36% ¥i-Cr Homogeneous
38 24k - T7.S. 120,000 - Photographs W.A. T10-1842, ¥.A. T710-18L3

B e T A

Plate
Plate M.
Obliquity No,

Powder
Charge

37 MM AP XSl Pirings:

o* 1
e 3
oo 4
0° 5
Sirmy limit
30° 6
X° 7
J0° s
30° 9
300 10
30° 1
30° 2
Jo° 13

2.00s,
1.850s.
1.70s.
2.150s.
2.080s.

at 0% -

2.100s.
hc 75.'.
2.800s,
2.650'0
2.6001.
2.400s,
2.50es.
2.250s.

Str.

Vel. [Results
1367 CP - CIP
1302 CP - FPFTP
1256 PP - LB Slight oracking
1252 CP - PTP
1118 P - cIP
1279 f/s; BNavy limit at 0° - 1M18¢/s
1u262 PP - MB
€M o -F>
1667 CP - PP
1635  Overlapped Rd. 48 - Disresard
16082 CP - pT®
1524 PP - 1B
1560% Cp - COIP
1662 P - P

SAray 1imit at 30° - 1445 £/e; P¥avy limit at 30° - 1584 f/s

i
3
»‘\'

s
C e e e




YATERTOUN ARSENAL

WCAT 1348, PLATE 10, 3/4% F.H,} NI=MO, BRINELL FACC 503-601, RCAR 415455, TESTED

AT 0®, 10°, 20%, 30°, OBLIQUITIES WITH CAL .50 AP M2, SHOCX TESTED wifH 37 MM M5}
A PoCe AND 37 M4 M5 T2, FRONT MAY 15 1042 WA J10-1822
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YATCRTOVN ARSEINAL

HCAT 1848, PLATL 10,
RCAR 415455,

K VZ o U P
a{a '

MNi-M0, BRINCLL FACT 503-60)
MAY 16 1042 WeAo710-1823




|

VATELRTOVWN

Q. 1" HOMO, Ni-CR, T,8, 120
AND 30° O0BLIQUITIES WITHM 3
FRONT

ARSENAL
3 BRINELL 244
WA, 710-1842




WATCZRTOVYN ARSENAL

PLATE (542750, 1® MOMO, NI=CR, T.8. 120,000; BRINELL 244
MY 16 1542 8ACK WoA,710-1043



Ballistic Data Sheet No, 30

Cornegie-I1linois Plate 194275C2 - 1"x367x36" N1-Cr Howoreneous
BRN 263 - T.8. 127,500 - Photoeraphs W.A. T10-1737, V.A, T10-1738

Plates
Plate ;7. Powder Str.
Obliquity No. Charge _Vel. QResults
Calider .50 AP K2 Pirings:
o° 1 190.0 314 CP - FTP
0° 2 190.0 2499 CF - PT?
0 a 185.0 2432 CP - FPTP
0° 180.0 2432 CP - CIP
0° 5 170.0 224 CP - FPT®
0° 6 167.0 2261 Cp - FPPTP
0° 7 165.0 2191 Hit Rd. $2 - Disregard
oe 8 167.0 lost FP - M3
Qe 9 167.0 281 PP - )B
0° 10 168,58 22288 (P - FPTP
o° 11 167.5 21ges PP - MB
0° 12 190.0 1lost ¢? -~ PTP
0° 13 190.0 2501 P - PTP
0°® 1 188.0 2613 CP - PTP
0° 15 187.0 2485 CP - PTP
0° 16 186.0 2utsn  CP - PTP
0° 17 185.0 2490 CP - PTP
o* 18 184,0 246k P -~ CIP
Sirmy 1imit at 0° - 2208 f/s; BNavy limit at 0° ~ 2471 f/e
10 35 165.0 2274 CP - FPTP
10° 3€ 170.0 2278 CP - PP@
10° 37  165.0 2235® PP - MB
10° 38 187.6 2515% CP - PTP
10° 39 180,0 2ug5n  CP - CIP
SArmy limit at 10° - 2256 f/e; ONavy limit at 10° - 2505 f/s

| 37 VM AP K51 Firings:

o 23

Q¢ 21

0° 22

Q¢ 2

e g

0° 26

0° 27
8)rmy linit
e

T 3

20° 30

20: n

-

0° 3
SArmy limit

1. Ggo:. 1247% ¢ - CL
os, 11988 PP - 13
2208. 1l ;? CP - TP 1 '21 * Punching

1.8%0s, CP -~ TPTP * Punching
2.000s. 1%92 Hit in area bachd by support - Diaregard
1. 2 cp - CIP

5. 1
2,000z, 13682 P - CIP
2.0los. 137 Hit {n area backed b:‘ support - Disregard
2.020s. 1 CP ~ PTP 1.83%x1,90" punching

at 0° - 1223 f/s; P¥avy limit at 0° <« 138k f/s
.000s. 17848 CP - FPTP
.200g. 18312 (P -« PTP
2.0003. 102 cp - CIP
1.80¢x. 1309 CP - r?rr 1/2*:1-1/2' P
l.ggo:. 12618 CP -
1.600s, 121 mem kb-Mngnd
1.600s. 1215 PP - LB

at 20° - 1243 f/s; MHavy limit at 20° - 1808 f/s




Ballistic Data Sheet ¥o, N1

farnegie~1llinols Plate 194275C1 - 1%x36%x36% ¥i g Homozeneous
by 272 ~ 1.8, 131,500 - Photegraphs V.4, No=-1738, ¥.A, T10-1736 “

Plate
Plate Bd. Powder Str,

Oliguity ¥o, Charge Yel, Results
Calider 250 AP X2 Firings:
( (1 d 1 170.0 2266 @ -re
o* 2 1%.0 2118 P . Y
0 ] ko ap w.g
‘ Q° 165.0 23“19‘59‘ FP - 3
Qe 5 185.¢C CP -~ CIP
! o° 6 190.0 2ugs® ¢p . pm
| 0* 7 1850 au6am cp - crp
] PArmy 1imtt at 0° - 2205 f/e; Navy limit at 0 - 75 /e
100 8 1700 1loet CP - FeTP
lo0° 3  170.0 2246 it edge of plate - Disregard
10° 1c 170.0 2254 PP . 13
10¢ 11 170.0 2234 PP - )8
10 12 172.0 2286 PP - LB
10* 1 175.0 232w c? - Fr®
10° 1 173.0 22588 pp . 13
10°¢ 15 174.0 22722 P - PP
10°* 16 190.0 2ugh (> v} 0 J
1ne 17 195.0 2% P - Q1rF
lo0°® 18 20,0 262 e - C1P
10 19 205.0 211" ¢F . cIP
10° 20 20.0 2763 C? - PTP .
10° a 8.0 25 (- }
a N
Army limit at 10° - f/e; MMavy \imit at 10° - 2138 /s
20° 175.0 32“‘2?5 /G? - TP1?
20° 2 155.0 23118 Cf - prrP
20° 160.0 2267 7P - KB

163.0 285 FF - XB
1640 23110 P -2
165,0 2 PP - L3
165.0 23 b2 I &
166.0 23338 7P . 13
190.0 2569 ¢P - OIP

20° % 1925 2638 cp.pw

farmy 1iait ot 20° - 2354 £/s; PNavy liagt at 20° - 264T 2/

Plate Reversed:

%
BEURHEIRS B

PR TN PN

0° 2 150 20 @ -cw»
0° 2 ué.o B5% @ -

0° 186.0 lost & - op

0° 3 1860 S22 @ . op

Mavy 1inty ot 0° - (plate reversed) 25407/ 83 Army 1imit met determined,

37 o N5 Tiring:

o. n h.loo'. az " - u




YATERTOVYN ARSEINAL

PLATE C=2, I" HOMDGENCOUS, BAINCLL 263, 7,8, 127,500 127,500
TESTED AT MORMAL AND 10°, GAL. .50 A.>. M2s TESTED At nORSAL
20° 37 1 M6) A.P. (TRONT . 30 10ad WA 710-1733




VATCRTOVN ARSENAL

* MoMOGENEQUS, BRINCLL 263, T.8. 127,500% 127,500
aL o 10°, &AL, .50 A.p. M2, n:nio * numo.
(ack) Jan. 30" 1942 710-1738

——————
—
¥i



A PO, e i

PLATE O=1, (¥ HOMOGENCOUS
TE8TED Nohbat, 10°, 20° widw

YN ARSENAL

sminCLL. 272, T.
CAL. .50 A.P,

wiTH 37 s e T3, AT 2122 F/8 3.¥,
J 0 1942

ANUARY

:5 (B 1}

0 132,000
S0k tdr;i
FRONT
VoA 710=17

e




VATERTOVN ARSENRAL
170 C~1, 1I¥ nl:u.m t.l 13
TERTED modsmi., 10%, 205 wihu ¢ : vodk 't

i 3y v mbi b, 0y zlur%' 3
iU Rt W o

oL

e e+ e




e e

PLATE ¢
TCETLD
JAUARY

YATEZRTOWUN

g‘amoasgws. umcrir.
L L AP A
*» & . ‘ )

ARSEINAL

dgzg 1’... 131
30° wiTH 3

5003 m,soo

’ MU M5) AP
YA 710173

i

-y




B8 275 - 7.S. 131,500 - Puotorrephs ¥.A. T10-1733, V.4 T10-173%

Bellistic Data Sheet No, 32
Carnegie-Illinois Plate 19u275C - 1°x36%x36" Ni-Cr Homogeneous

Plate
Plate Rd, Powder Str.

Odliquity No. Charze _Vel,  Resulis

Calider .50 AP M2 Pirings:
(o d 1 1600 215% PP - S8
o* 2 1650 21857* @ - PP
o° a 185.0 2419 CP - CIP
o° 1:2.0 2“‘59‘ P - CIP
o* 5 186,0 2k 38 p -PP

SArmy limit at 0° -

37 M4 AP N51 Tiringss

m.
a.

¥8¥%%EE  RRRRY

6 1,%os.
7 1.700s.
& 3.000s.
9 2.000sx.
10 2,.250s.
1. 2.500s.

12  2.3%0s. 2
Sorey 1init at 20° - 1278

la 2.7%0s.
2.5008.

2. 25os.,

16 2.420s,
17 2,000s.
18  1.92vs.
19 2. s,

1297*
159*
1775
k11
1493
1579

1665
1573

1k91

15562
1ko1®
13568
152!

o -

RIBARAV X LR

2173 £/s; DHavy limit at 0° - 2ukk f/e

»e
- LR Cracking on bdack

-
-
sn
[
&
-
-
»
-
-]
[]
L}
g
4]
~
-

Ssrmy 1imit st $0° = 1379 f/s3 DXavy 1iait at 30° - 1540 f/s

e v
PRSI, it re, . e




s

Ballistic Data Sheet No, 33

'
Carnegio-Illinpis Plate 13M275CT ~ 1"x36%x36" ¥i-Or Homosaneous <
BEX 304 - 7.5. 145,000 - Photosraphs ¥.A. 710-1739, W,A, 710-17k0
Plate
Plate R4. Powder S8tr.
Oblicuity Yo, Charre Vel, Results
WAlitar RC AP M2 Firings:
ce 1 17¢.0 228 PP - S3
c* 2 1280,0  2k02 CP - FPTP
0* 3 175.0 23136 &P - PYP . i
o 4 172.5 226u PP
c° 5 173.0 2274* CP - FPTP
0° 6 190.0 251k Backed dy support - Disregard
o° 7 190,06 253" Cp - CIP
o* 8 195.0 2955 P - PP Hit within 2 cals, of RD.#7 -
Di sresard
ce 9 195.0 2562% CP ~ PP
Sarmy 1imit at 0° - 2269 f/a; Pavy 1imit at 0® - 256 (/s
10° ) i80.0 2366 P - PP
1ce 26 200,00 2619% CP - IPTP
10 27 210.0 2765 CP -~ PTP
10* 28 175.0 2333 P - rPTYP
10* 29 170,.0 22262 PP - 1B
10° 30 25.0 2689 CP - PIP
10¢ N 02,5 2663 CP - PTP )
10* 32 172.5 223 PP - K3 ;
10¢ 3 173.5 2348 Cp -~ FPTP
10 )ﬂ 173.0 22888 (P - FPTP '
10* 35 201.0 2622  Hit tangent to Rd.#2% - Disregard
10* 3% 202.0 26222 CP - PTP
Sarmy lizit at 10° - 2287 f/s; DNavy limit at 10° - 2620 f/s
2 37 175.0 2u3n PP - MB .67"x.2% §P
x* 38 125.0 2555 PP - L2
20¢ 2(9) 187.0 258 PP - L3
0* 188.5 2604 PP - 13
2c° Ll 135.0 1lost CP -~ FETP
b o4 L2 193.0 2611 FP - LB
e 43 195.0 2597 PP - 1B
20° Ll 197.0 2663 P - IPP
0° 45 196.0 26508 CP - FPTP
20° W 1%.5 2662 CP - TPTP
20° L7 195.0 26u3® PP - CIP
20° Ls 0.0 2n7 cp - CIP BD
20° k9 205.0 2768% Cp - PTP
20° 50 203,0 21¥n @ . QP

Sarmy linit at 20° - 2647 £/e; Mavy 1iait at 20° - 2756 f/s




€

Ballistic Data Sheat No, 33 (Cemt'd)

Plate
Mate RA. Powder Str.

Obliquity No. Charge Vel. Rasults

3730 AP M5) Pirings:

o* 10 1. U208, 1158 PP - 13
0* 11 1.3-. 115¢¢ @ - 7P7TP
o® 12 1. s. 1316 P - P
0° Ia 1.9708. 1369  Backed by support - Disregard
o 1 1.970s. 1358 0P - JPTP -~ Exceseive yaw - Disregard
o* 15  1.970s. 1363 CP -~ FPTP - Ixcessive yew - Disregard
o° 16 1.97es. 1368 CP - FPP 1l.5"x1.,3* @
0° 17 2.0208. 1397 @ - PP .Wix, 7" O
Srmy limit at 0° - 1142 #/s; PNavy limit at 0° - 1382 f/e
0° 18 2.000s, 1392 G - PTP
20° 19 1.750s, 1269  Hit within 1 calider of R4.17 -
. : Disregurd
.2 20 1.87cs. 1316® FP - LB Cracking etarted
20° 21 1.950s. 1345 @ - IPTP
20° 22  2.080s. W2 Q® - IPTP Pun 8; 2-1/2° dack crack
20° 2 2.100s, 1 @ - CcIp
20° 2.200s. 14700 P - PTP

Sormy 1imit at 20° - 1334 £/s; ®Navy linis at 20° - 1%7 /s
JI M TP W51 Tiring:
0° 51 4,100s. 2133 PP - 13 JFuce impression 2,1%x2.2°

—
-~

| A s

——




Ballistic Data Sheet No. 34 -

Carnegie-Illinois Plate 19427505 - 1%x36"x36% ¥i-Cr Homogeneous .
BHF 361 - T.S. 179,500 - Photographe Y.A. 710-1743, ¥.A. T10-17TW%4

b 1

Plate
Plate R4, Powder Str,
Obliguity ¥o. Charge _Vel. [Results

Caliber .50 AP M2 Tirings:

-

0° b 18C.0 2392 PP - MB

o* 2 1850 261 PP - B
\ o 3 190.0 2ugs® PP - 1B
0° 4 195.0 2555  Hit on B4.#1 - Disrecard 1
: o* 5 19%5.6 2551 = CP - TPTP I
\ o* 6 192.5 2%1* & - PP
o° 7 205.0 2681 Cp - CI?P ,3H"x.50" FP

o* [ 20,0 21% CP - PTP ,35%x.50" FP; ,35"x.5G" 3P

*hd 9 207.5 2129% G - PTP

Barmy 1imit at 0° - 2509 £/s; “¥avy limit at 0° - 2705 f/s

10° 19%5.0 BN Backed by wupport - Disregard

10° 19%5.0 359 CP - FPTP :

10° 190.0 2508 CP - PP

190.0 24 @ - PP
185.0 ¥ PP - 2B
187.5 246l  Kit tangent to Rd.$26 - Disrecard :

]
FAEUREEBRIBO IR

10° 1875 38 o - rP®
187.5 2487 CP - FPTP ‘
10° a0 2161® @ - PP i
100 25.0 2701 € - FPTP 2
10¢ 200.0 P - FPTP
10° 205.0 2682 (P - OIP H
we 205.0 %95 CF - CIF
10* 207.0 2no Glanced of? rest - Disresgard
10° 207.0 2728 CP - CIP !
Sirmy 1imit at 10° - 65 £/e; Dawy 1intt ot 10° - 2742 f/s ‘
20° b4 2A5.0 2271 PP -3P-13-W
20° 38 220,0 lost P -)TP
20° 39 220.0 2%9% CP . PP®
. 0° Lo 28.0 29422 P - CIP ¥D 3
' 0° u 212,.0 285%™ P - YT BD : :
20° 42 211.0 28522 PP - 1B Paun § 3D
,-; aArmy 1imit at 20° - 2865 f/e; DNevy limit at 20° - 2956 ¢/s
37 39 AP W51 Pirings:
‘ o 10 1.70x. 1264 ¢ . CTP 2%2 38 BS
o 11 1.850s. 1713® CP - PIP 2%2,2% B§ :
g 1.3508. 1125 CP - FPYP 73.25%z2,l0" B3 (~~) i
o ;

12
1z 1.280s. 1078* CP - PP® s
1 1.2203, 10648 Pp . 13 3
Siray limit at 0° - 1071 f/s; DNavy liait at 0° - 1259 f/s




Plate

Flate
B,

Bellistic Data Sheet ¥o. 3 (Comt'd)

Powder

Obligquity No. Charge
Jr Jal AP 51 Tirings:

0°
°
m.
x°
x*

B

23
17

18
19
20
a

1,750s.
1,700s.
2.501.
2.150s.
2.050s.

W

SArmy limit at 20°
37 )¢ 7P M51 Tirings:

m.

43

4.100s.

Str.

Vel., Results

1267 @ - Y

1240* PP - L3 Pm 8

1:22 P - PIP 2.6%x2,2° 38

pt CP - PTP 2.6%x2.2° 38

16 Cp - PTP 2.2'x2.1" 28

13662 CP - PP 2.1%x3.0" 38

13:0- C» - PP P § 4 25" Back crack

~ 1254 f/s; BHavy 1imit as 20° - 134k £/s

2120 CP - PTP 1,8°x2.8" 38 Hit on RA.T

*A‘ Ll I - 10, 0 e e ¥ T byl g

RARRC SURTEES.,
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Ballistic Data Sheet Mo, 3H

Carnegie~Illinois Plate 194275C8 - 1%x36%x36" Xi-Cr Homogeneous 1
BHY 363 - 7.8. 174,000 - Protographs ¥W.A, 710-1840, ¥W.A. T10-1841

Plate
Plate Bdi. QPowder Str.
Obliquity No. Charge Vel. Results

Calider .50 AP M2 Tirings:

Qe 11 170.0 2407 PP - LB Cracking started

0° 12 175.0 2438 PP - 1B Cracking started

Qe la 177.0 2us1* - re

0° 1% 195.0 2653 cp - CIP

o° 15 190.0 2663 P - CIP

0° 16  200.0 2690 CP - PTP

0° 17 200.0 2710 P - PP

0* 18 193.0 2695 Backed dy support - Disregard
0o°* 19 192.0 2685 P - CIP

Sprey limit at G° - 24Ul £/e; DNavy linmit at 0° - 2698 f/s

10° 1 190.0 2612 @ - IPTP 1/2%x7/8* YP
10° 2 180.0 2L&6 PP -
16° g 185.0 25158 CP - PP
10° 183.0 258 CP - IPTP
10° z 180.0 2ugst PP - LB Cracking started
10° 200.0 2701% CP - PTP
10° 7 195.0 2662 cP - CIP
10° 8 1985.0 2750 CP - TP
100 9 188.0 2653 cp - CIP
©10° 10 191.0 2691 P -FPTP .
Sarmy 11n1t at 10° -~ 2505 f/s1; DMavy limit at 10° - 2696 f/s
e 20 19.0 2633 PP -
20° 21  200.0 2740 CP - CIP 3D ¥D
20° 22 195.0 2691* PP - 1B Pun 8
2° 2 198.0 2715¢ P - CIP BD
20° 2 210.0 2879 CP - P® 5/8%x1/2% Ine. BP
2° %5 205.0 2809 CP - PTP
° 26 208.0 2sugp (P - PTP

SArmy limit at 20° - 2703 f/s; D¥avy 1imit at 20° - 2829 f/s

31 M0 TP M51 Tirings:

o° 27 4,0es. 2028 FP - MB

ik

Ly

Sk s




VATCRTOWN AROSCNAL

reaTen :&u'\: - W umtu.agp 20b° \.vm'c’;i m’ m‘ »
JAARY 30 1942 (8kea] o-1734




YATERTOVN ARSENAL

PLATE C-3, " HOMOGENCOUR, BRINELL JO4, .a. 143,500; 145,000

YESTED AT noweaL, 108, 20° EAL. +30 APy W2, rinthooel NORMAL

208 Wit 37 et by Ab. SHOCK T(3IED AT NORMAL WITH 37 mm ms]
T.Pe AT 2133 /8 n.v. { rronT) JAN 30 1042 WA T10=1739

B O O R




VATERTOVWN

ARSENAL

m' '0.0 "’
ZD‘ “Ln «50 l.’o "2, TEST

14424
..Vo .‘

145,000
FE Ry
T NORWL WITH 37 W 18
VoA (710-1740

ToPo AT 2'3) [ JAN 30 1042

. i Mt - e - 73

o e e e < - e+ e e



e

IATERTOYN ARSENAL
PLATE €5, 1" HOMOGENECUS, SRINCLL 361, 7.8, 173,5005 179,500
restdo af

YESTED AT NOMMAL ., 10%, 20® cal, .50 AP, M2, NORMAL ,
20° WiTH 37 M nél Al.P.. BHOCK TESTED AT NORMAL 37 M4 MS) T.po
2120 £/8 “8.v.  (PRONT e 30 1942 Weko710~1743

e e

e s um s

e e s




PLATC =5, |
TCRTED AT NOMMAL, 1D0° ’
20° wity 37 1 181 A B, SHOCK TUSTED AT NOMML 37 100 MSi 1.5,
{macx) JAN 30

2120 7,

WATCRTOVWN

oUs, BRINCLL )
”.CALQ «50 l.’:

ARSENAL

LR

WeAo710=1 744

. e e gy



C

AT e 20 o

YATERTOWN
194.375-4:3. 1™ OMO, Ni-CR, r 8. 174,000} BRINCLL 363, YESTED
AT o5 40 ab Mo

AMD 20% o‘uquntta wiITH
witn § 1w,

ARSENAL

CAL
MAY 16 IW"

SMOCK  TESTED

WA o 710~1840

|

- —




VATCZRTOVYN ARSENAL

PLATE 104275-C8. |™ HOMO, NI=CR, T.l. 174,000; SRINELL 6]
MAY 16 1542 REAR VoA 710~1841

| RI  t—t Tn  T
o




Ballistic Data Sheet No. 36

Carnegie~11l‘nouis Plate 194275C6 ~ 1"x36"x36" Ni-Cr Homgeneoug
BHN 368 -~ T.S. 17400 - Photographs W.A. 710-1745, Y.A. 710=1746

Plate

Plate Rd. Powder str.
Obliquity No. Charpe Yel.

Calidber ,50 AP ) irings:

2408
2426
24:4%
2496
2443
2466%
2625
2696R
2684
2687
2726
lost
2765
27290
~ 2480 [/s;
2545
lost
2518
24058
24u6R
2701
271
2760
2859
2084
28%9
280470
28599

Besults

PP-SB .S"x.3" FP
PP-MB-SC

CP~FPTP 5"x.35" FP
CA=FPTP .5"x.5" P
Pr=43

H"‘"B .3"1.35" FP
Ca-CIP

CP~FPTP

CP-CIP

CR-CTP

CP-FPTP Excessive yaw - Disregard
cpCIP BD

CP-PTP

CP-PTP

NNavy limit at 0® - 2713 {/a

CP-FPTP
CP-FPTP
CP=FPTP
CP-F7TP
PP-IB
CP-FPTP~Punn 8
CP-FPTP
PP-¥B
CP-F?PTP
CP-PTP
CP-PTP
CP-PTP
CP~FPTP

"Army 1init at 20° - 2481 £/8; M™avy linit at 10° - 2672 fs

o° 1 180.0
g 2 185.0
o* 3 190.0
o* 4 187.5
0* 5 136,0
o* 6 136.5
0* 7 205.0
0* 8 205.0
0° 9 205.0
0° 10 206.0
0°* 1 207.0
0 12 207.0
o* 13 208.0
0* 14 207.0

8 ry limis at 0°
10° 24 187.0
10° 25 185.0
10° 26 185.0
10° 27 182.5
10°* 28 180.0
10° 29 195.0
10° 30 198.0
10° 51 205,0
10° 52 210.0
10° 33 213.0
10° 34 211.5
10 35 210.0
10°* s8 208.0
20° 37 190.0
20° 38 195.0
20° 59 210.0
20° 0 - 215.0
20° 41 215.0

20° 42 212.0

2624
2472
2784
lost,
2939
2g98h

PP-SB-Excessive yav - Disrogerd
PP=CIP

PP-MB

Hit rd. #39 ~ Disregard

CP~PTP 1.35%x1" FS

CP-FPTP 3/4%x)" F8

T L T NP TSR TIE R R

- = g

p—
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Ballistic Data Sheet Mo, 35 (Cont'd)

Plate
Plata Rd. Powder  Str.

Obliquity MNo. Char e Vel. Results

Caliber .50 AP IR Firin-s:
20° 43 213.5 2883 CP-FPTP 7/9%x5/8" 33
20° 44 215.0 . 20190  CP-PTP  .9"x1.0" BS; .25"x.55% FP
20° 45 21,0 28708  CPCIP .32"x.85" ;S
20° 46 210.0 2859% Pr-8B ,7"x1.0" FS

Sarmy limit at 20° - 2069 f/s; Mavy limit at 20° - 2,06 {/s

SNY 2P M5) Firings:

o° 15 1.1503.
o* 15 1.000z.
0* 17 1.0702.
o° 18 1.070t.

my limit at 0° -
20° 19 1.75%z2.
20° 20 1.500z.
20° 2 l.420t.
20° 22 1.6503.,
20° 23 1.70ct.

10320
g328
o508
gasn

CP~PTP 2.8"x2,.9" =8
PI'=!0y

Cr=Fi'TP 5.25M"x2.85" 28
CR-FPTY 2.50"x2.45". +8

$47 f/s; Mavy 1i-1t at 0° - 1008 ¢/s

1269

1167%
11192
12208
1242R

CP-FoTP 2.5"x1.9" BS

CP~FFTP Pin S

PP=NR oun S 2.83" Treck on back
CP=CIF N7"x£.5" S

Cl=r7it 2.U"x2.4" BS

Uarmy limit at 20° = 11435 f/s; DNavy 1ioit at 20" - 1231 f/s

ST TP UEL %iringss
20° 47 4.100z.

2130

PP-1H

)

, -
Naneare-
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VATCRTOVN ARBENAL
PLATC O " oUS, BAINCLL 368, T.8. 174,500; 174,000
"oty 105, 508" . 180 At wons

TTSTLO AT MOAMA 20% CAL. SO A.P, M2, TES NORMAL ,
20° wiTH 37 0 mb) AP, SHOCK TESTED AT MOMMAL 37 P9t MSE T.p .
2130 rfe 8.y, (nom) JAt 30 1942 VA 7101745




VATERTOUN ARSENAL
PLATE C-6, 1" nomog SAINELL 358, T,.8. 174,500: |74,000
TERTED AT WORMAL. 109, Su8’cat . %2, reméo "

o 250 A,p, w2, TC81ED At NOWAL,
VITH 87 100 i1 A B, eHOCK TESTEO AT mORL 3T e ML TP
21 r?o' 8.¥,  (sack) Jan 30 1042 $A.710-1748
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1listic Data Sheet Mo. 357

Carnegie-T1linois Plate 194275C4 ~ 1*x86"x36" Ni-Cr Homogeneous
BHN 870 - T.S. 184,000 - Photographs W.A. 710-1741, %.r. 710-1742

Plate:
Qbliquity No.

o.
o*
o*
o*
o.
o.
o*
o‘
o‘

20°
20°
20°
20*
20*
20°
20°*
20°

Rd. mr Sir.
Charpe Val. [Results .
Caliber .50 AP 12 Firinma:
1 175.0 2332 PP-SD
2 185.0 2435 FPB
3 192,5 - 2498 CP-FPTP .60"x.35" PP
4 191.5 2531 CP~FPTP .70"x.40" FP
5 190.5 2504 CP-FPTP .40"x.50" FP
] 190.0  2488%  CP-FPTP
7 189.5 2484%  Pr-1B
8 205.0 2686 CP=CIP
9 206.0 27210  CR-PTP  .40"x.15% FP
10 205.5 2701 cp<CIP
Army Limtt at 0° - 2486 f/e) Liavy limtt at 0° - 2711 {/s
1 1£5.9 2475 PP-uB
12 150.0  2574*  Pp-1B-
13 200.0 27011 CP-PTP  1™x.5" ino. PP; 5/8"x7/cw EHP
14 182,5  2579%  CP-FPTP 1"x7/" FPj 1/2% OC
15 183.0 257 PP-LB
18 197.5 2673® CP FPTP Pun S 3/8%xje
SArmy 1imit at 10° - 2677 f/a; Mavy linit at 10% - 2687 £/s
17 195.0 2084 PR=B  1~d7x,.9% FS
18 205.0 2774 PP-CIP-SB 1-}tx.y" pS
19 215.0  2919"  CP-PTP 1.45%x1.05" 7S
20 210.0 2843 PPMG~Pun S 1.3":2.85% 7S
21 232.c 2082 Hit tangent to rd. #20 - Disregard
22 212.0 2879  PRCIP-Pun S 1.45"x1" ¥S
23 218.0 lost CP=PTP ,7%"x.06" BS; 1.58x.4" FS
24 213.0  2906*'™™» CP~PTP 1.15"x1.0 FS

20

Flate

“irmy 1imit at 20° - 2695 £/s; Mavy linit at 20° ~ 2918 f/s

374! TP K51 ririnpss
25 4.1008. 2187

4.5008. 2238

PP-18
CPR-FPTP Pun 8 5-1/4"x3-5/8% semi-
eircular crack.

<
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istic Duta Sheet No. 38

Carnegie~-Illinois Plate 194275C7 - 1l"x36"x56" Ni~Cr Homogeneous
BHY! 387 -~ T.S. 190,500 - Photographs W.A. TA0=1747, Y.A. 710-1748

e

Plate
Plate Rd. Powder
pgbliquity No. chariae
Caliber .50 AP M2 Firings:
0* 1l 195.0
0* 2 190.0
10 g 3 187.5
Q° 4 185.0
o* S 182.5
o* 6 210.0
o° 7 205.0
o* 8 210.0
o* 9 207.5
'lrny
10°* 10 195.0
10°* 11 200.0
10° 1» 197.5
1o0° 13 nAX.
10°* 4 215.0
10°* 15 210.0
10* 16 212.5
S rmy limit at 10°
20° 17 206.0
20°* 18 210.0
20° 19 215.0
20° 20 215.0
20° 22 220.0
20° 22 222.0
g 1 Fi 8
[¢] 5.503.
o* 24 4.7508.

Str.
VYel.

2353
2520
2496
2470
24322
2819
2686
2744
Fysbl

Results

CP-FPTP .5"x.9" FP
CP-FPTP

CP-FPTP

CP-FPTP

PP

cP-pTP

cpPCIP

CP-PTP

CPCT?

limit at 0° - 2451 f/s3 ™avy linit at 0° - 2728 f/s

25¢98
2625
25558
2909
2819
27497
2795N

PP-MB
CP-FPTP
CP-FPTP
CP-PTP
CP-PTP
CP-CTIP
CP-PTP

- 2577 £/s; ™avy 1imit at 10° - 2772 f/s

2706
2754
2814
2823
250880
295588

PP-MB

CP-FPTP - Excessive yaw « Disregard
PP-i8

PP-58

PP-LB

CP-PTP 1"xl-1/8* BS

SArmy limit at 20° - 2632 /35 MMavy limit at 20° - 2932 f/s

1919
2305

PP-B
CP-PTP 3§*x34" Punching

e i o w5 o




YATERTOVYN ARSENAL

PLATC C—4, 1I® HOMOGENEOUS, BRINCLL 370, 158, 473,500, 179,500
TESTED AT MOMMAL, 100, 20°°caL, .50 AP wden deated At
NOmML 2 FOUNDS’ 37 P MS) [32em™ 2137 w0 2238 Fl8_ 8.V,
JANUARY 30 1042 VoA o 710-§ M1

o vooh




PLATE Cd, *

NOMAL
JAMUARY 20 )

VATECARTOWN ARSENAL

HOMDOENE seiwcLL 370, 1.8,
TERTED AT NoRLy 100,200 Eas o "n2

2_ROWDS 37*'607’
042

(8dex)

04 ill‘l oo

'n&?'z';g‘ AY
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YVATEIRTOVYN ARSENAL

PLATE O-7, * BAINGCLL 387, T,.8, 102,000} 190,500
TESTCD AT NOMWML, "CAL. oS50 A.Ps ME, M!E:f T

NomML 2 P HBT Tope D AT 1919 M 2308
JANUARY m I!.’l.ll’) Vehe

- oo gy
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VATERTOUN AQICIAL

PLATE C-7, * L0 m 192,000: 190,500
TEOTED AT Mol * i bt At

oL z.-o‘?' h-ns‘:m i uom (B




2 )

MmYlistic Nata Sheet s, 39

Disston Plate 7 - 17x36 *x36n li-jfo Face~Hardened
Bl¥: Pace 555, Rear 384 -~ Photographs W.A. 710-1729%, W.A. 710-1730

Plate

Plate
Rd. Powdar

Qbliguity Ho. Charge

3
o.

zo.
20°
20.
m‘

20.
20.

o et o s W, ¢ ORI p = s 1 e e

81

1.000z.
1.050%.
1.750z.
1.500z.
l1.650z.
1.900z.
1.750z.
1.700%.
1.950s.
2.0208.

2‘m‘
2,200z,
2.400%.
2.550%.
2.650z.

o 0
<473 R i o ; Somqmmpunwr
o

2.75%z.,
20850‘-
S rmy 1imit at 20° -

18 2,500z.
19 2.7501.
20 3.000s.
22 2.000s.
23 2.1803.

24 2.090%.,
8y 1imit at 30° -

at 0°- 1224 f/s; "Navy limit at 0° ~ 1880 £/s

Str.

Yel. Results
1007 PP-B

920 PP-SB ‘
1057 PP~MB ‘
1163 FP~B8B 1"x1-3/8% F3 *
1219*  pp-3

B
1334 CRCIP 2-3/8"x1-1/2" BS; 2-3/8"x3--3/8F:
1283 CP-FPTP

29%  CP-FPTP
15617  CR-FPTP
15997  CA-PTP 4.05"x2.90" BS; 3"x2,75* FS

P .

——— et AT D  $on
W diith

1412%  PP.MB ND HD {
1461*  CcP-FPTP

1503 CP~FPTP j
1588 CP-FPTP 2.85"x1,.5% T3 R
1627 CP-FPTP

16€2"  CP_FPTP 2.0"x2.5" F8
1710  CP-PTP 2.1"x2.35" F3

RS .

1761 CP~PTP 5.1"x6~7/8" BS overlapping rd.#19
1501 CP-FPTP

14058 PP-8B

1479‘ CP~FPTP

1432 CP-FPIP

1437 £/8; "Wavy limit at 20° - 1686 f/s g;
1579 CP-FPTP ;
1668  CP-FPTP H

1416 f/s; Vavy limit not determined.
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Ballistic Cata Sheet 'lo, 40

Disston Plate 295 - 1¥x18nx3€" Ni-llo Face—Hurdemsd
BHlis Face t0l, Rear 363 - Photographs W.A. 710-1731, T.4. 7101732

Powdar
charge

Preload
Preload

Prelosd
205.0
205.0
210.0
210.0
215.0
215.0
220.0
220.0
220.0
220.0
220.0
225.0
225.0
2235.0

Plate
Plate Rd.
Obliguity No.
Caliber .50 AP M2 Firinrs:
0° b}
0° 2
o 3
o* 4
0° 5
o* 6
o* ?
o° 8
o* 9
o 10
0* 11
o 12
0 13
o* 14
o° 15
o° 16
o* 17
o* 18

‘kv limit at O*
Sy MS1 Firing:

0°

19

224.0

4.100s%.

str.
Val. Recults

2753 CP - PTP 1~-1/127x1-17/60" F3
1-21/60"x1-11/30% BS 6§ Star cracking

2585 CP - PTP 1xt® FS 1-3/8"x1-1/2" BS
3-7/8% Star cracking

2745 PP-8B

2673 PP-MB Pun §

2701 PP~IB Pun 8 1.15"x1.2" F3

2749 PP-iB 1.15"x.6" F3

2772 PP-{B .95"x.8" F8

2038 Hit rd. #6 - Disregard

2811 PP-LB .95%x.8% FS

lost ° Hit edge of plate - Disregurd

lost CP~FPTP .85"x.75" FS

28778  PP-Pun §

2887%  CP-FPTP - Pun S 1.0"x.8% F3

2877 PP-Pun 8 .9"x.85" FS

2955 Hit edre of pla‘te - Disragard

3001%  CP-PTP 1.0™x.85" FS

2939 CP-CIP .95%x.9% FS; .B"x.55" BS

2955®  PP-LB

- 2882 £/ e; “Navy limit at 0° - 2978 ffe

2179 CACIP 8-5/4"x8~5/9% plede broken
out; face diamater of 7-44x7-5/8";
difference duc to back spalling.
Core in piece broken out, causing
punching of 2%x1.7%,

C . Ay, - -~ — e ———— o it

"o/

g b

TR
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VATCRTOYN ARSENAL
PLATE # =303 | PACT HARODRD

TESTLD WITH [, 1] z.r. AY
JANUARY 30 1048 sacm)
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+710=1720
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YATEZRTOVYN ARSINAL
TC $ 200, WEAT 1848 |® FACE MAROENLD, 189%X36%, SAINDLL 601/363

”"a

TESTED AT L CAL, 50 AP, M2 AMD téareD with 3
51 T.P. AT 2178 F/s s.v, (moTC wnn; ‘rmﬁ
JMMARY 30 1042 VYehAo710~173
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VATERTOUN ARSENAL
mnﬂnss MEAY 18048 1" Face mm. u"lw SRINGLL 601/363

TERTED A caL 50 Ao’o '7(0 wiTH 3
MS1 T.P. AT 2170 F)e 8.V e A , 'z
JMMRRY 30 1942 e .J.,,L,,




